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YOU'VE NEVER HAD 
IT SO COOL!! 


VENTILATED 
HANDLE 


PERMITS FREE 
CiRCULATION 
OF COOLING AIR 


VENTILATED 


TWECOTONG 


AIR-WAY DESIGN 
” Just as the air flowing through the radiator of your car keeps the 
400 AMPS. —_— 5/ 16 ROD engine cool, free flow of air through the handle and between the 
holder casting and insulation keeps this holder running cool and 
Weighs only 27 OZS. comfortable on the hottest jobs. Patented “Super-Mel” laminated 


glass cloth insulation gives long life. It won’t burn and it won't break. 


TRY AN A-516 TWECOTONG IN YOUR SHOP NOW! 
CALL YOUR LOCAL WELDING SUPPLY DISTRIBUTOR 


WRITE FOR TWECOLOG Data 
and prices on the complete 
TWECO line of electrode 
holders, ground clamps 
and cable connections. 
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“Husky Boy"’ 200 Amp. Air-cooled Welder 


New HOBART 


arc welders 


and electrodes 
make short work of those 
L= = N = G welding jobs! 


Hobart welders are built for tough jobs and have what it takes to 
do them better. Extra capacity, cooler operation, rugged construc- 
tion, extra convenience features .. . everything you need to get 
faster, easier, better welds. 

With Hobart electrodes you're assured of better welds every 
time at the lowest possible expense. If higher production costs 
are cutting into your metal joining profits, write today for complete 
information. An actual comparison will prove that Hobart welders 
and electrodes will do your job better, faster and at lower cost. 
HOBART BROTHERS CO., Box WJ-34, Troy, Ohio, Phone 21223 


CLIP THE COUPON AND MAIL TODAY! 


to Get Better Welds"’ 


A valuable vest pocket 
NAME 


Hobart “One of the world's largest builders of arc welders” 


Transformer Type AC Welder 


AC Welder—AC Power Unit. 
200 Amp., Air-cooled Gas Engine Drive 


HOBART No. 10 ELECTRODE 


For better welds right down to the stub, the 
Hobart (E-6010) gives better welding ease with 
a stable, deeply penetrating arc—deposits a 
smooth flat bead of high tensile strength and 
ductility—gives non-porous welds with quick, 
easy slag removal. 

Prove to yourself this all-position DC elec- 
trode will give you faster, better welds at lower 
cost. Check coupon for free samples. 


guide to better welding 


techniques and methods. FIRM 


POSITION 


ADDRESS 


WELDERS, ELECTRODES 


HOBART BROTHERS COMPANY, BOX WI-34, TROY, OHIO 


Please send information on the items checked below. 
“Husky Boy” [] Free book ‘‘How to Get Better Welds’ Transformer 
Type AC Welder (] AC Welder—AC Power Unit () Free Electrode Samples 
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is an operators’ rod too. 
They like its smooth, easy arc action — with either the drag or 
the open arc technique. It gives them no trouble with sidewall 
wash or undercutting. Its slag is almost self-removing. The finely 
rippled deposit has excellent surface appearance. And, under 
the surface, SPEEDEX welds are strong, sound and ductile — 
85,000 to 90,000 psi ultimate strength with 73,000 to 78,000 yield 

and 15% to 25% elongation in 2 inches. 

Ask to have SPEEDEX demonstrated on your production welding. 


METAL.& THERMIT CORPORATION ¥. 
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M AAS Elechodes* re Welders Accessories 


These are just a few of the 
MALLORY Electrodes ready 


for immediate shipment 


coolin} and 
Jectrode> 
e 


Before going to the expense of having special electrodes 


made for a resistance welding job, check with Mallory. 


You will save both time and money and get a better job. 


The electrodes illustrated are but a few of the hundreds 
of shapes that are stocked for immediate shipment... 


@Ww WELDING CATALOG and a wide range of tools and fixtures equip us to make 
Either call your distributor or write directly to many more. Just send us a sketch of your requirements. 

» us for a copy of our newest Resistance Welding . ‘ 


We will do the rest. 


catalog. It contains complete data on Mallory 


electrodes, holders. rods and bars, dies, cast- 
ings, forgings and accessories. When you turn to Mallory, you get the benefit of our 


25 years of practical experience in developing special 


Expect More eee purpose alloys and specialized designs. 


Get More from MALLORY 


In Canada, made and sold by Johnson Matthey and Mallory Ltd., 110 Industry Street, Toronto 15, Ontario. 


P. R. MALLORY & CO., inc., INDIANAPOLIS 6, INDIANA 


Serving Industry with These Products: 
Electromechanical—Resistors * Switches * Television Tuners * Vibrators 
Electrochemical — Capacitors * Rectifiers * Mercury Batteries 
Metallurgical— Contacts * Special Metals and Ceramics * Welding Materials 


For information on titanium developments, contact Mallory-Sharon Titanium Corp., Niles, Ohio. 
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SIGMA WELDING 
BOOSTS STEEL 


FABRICATION 


Average welding speed is 120 in. per minute—Once 
clamped, the parts are welded in less than '2 minute. 


Used as welded—Free from spatter and flux entrapment, 
the need for finishing is eliminated. 
Cut costs—Fewer production steps have made possible labor 
savings up to 2 the former costs. 

Sigma welding is just one of the welding processes devel- 
oped by Linpe’s research and years of experience. HELIARC, 


A manufacturer of steel truck 
casters, has doubled his production 
from 400 to 800 units a day— 

by changing to sigma welding. 


sigma, and UNionMELT welding form a top notch fabricating 
team which is now setting a new peak in industrial produc- 
tion. For small shops or huge production lines, from carbon 
steel to complex alloys and non-ferrous metals—there is a 
LinbE electric welding process to do the job efficiently and 
economically. Your local Linde representative will help you 
determine the best welding process for your job. Call him 


today for more information. 


LINDE AIR PRODUCTS COMPANY 
A Division of Union Carbide and Carbon Corporation 
30 East 42nd Street [I4§ New York 17, N. Y. 
Offices in Principal Cities 


In Canada: DOMINION OXYGEN COMPANY 
Division of Union Carbide Canada Limited 


“Heliarc,” ‘Unionmelt” and “Linde” are registered trade-marks of Union Carbide and Carbon Corporation. 
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Saved at a cost of 
only *22°° 
...and back on duty at 


This Inconel® radiant tube had served 15,000 
hours in a pit type gas-fired furnace at temper- 
atures as high as 1650° F. 


Then, finally after four years of rugged duty, a 
break occurred where the tube joined the burner. 
The rest of the tube was in good shape, so Electric 
Auto-Lite engineers decided to salvage it rather 
than purchase a new one. 


This was possible because deposits of Inconel 
welding wire have the same resistance to oxidizing 
and reducing atmospheres as the parent metal and 
good strength at high temperatures. 


They called on The Industrial Fabricating Co. of 
Toledo, Ohio to do the job. 


Here’s how Industrial proceeded ... 


First, they rebored the old burner casting and 
inserted a new 8-inch long segment of 3144” O.D. 
tubing with a wall thickness of .109”. Then they 
joined the new tube segment to the old burner cast- 
ing with “62” Inconel filler wire. An inert gas 
shielded process was used to eliminate any possi- 
bility of slag entrapment which would weaken the 
weld. 


Finally, they butt welded the new tube section to 
the other end of the old radiant tube. Now the tube 
is back in service ready for more long hours of high- 
temperature duty and the total cost of the salvage 
job was only $22.50 compared to the substantially 
higher cost and time required for anew replacement. 


This is another case of how an Inco Nickel Alloy 
welding wire saved an expensive part and helped 
return it to useful service. It’s always good to remem- 
ber that regardless of the welding method preferred, 
there is a suitable Inco welding wire or electrode for 
welding Inco Nickel Alloys. Another thing, too, if 
you’re up against a tough welding problem, Inco’s 
Technical Service is always ready to help you find a 
solution. 


Discuss your welding problems with Inco’s weld- 
ing engineers at the Second National Welding Show, 


The Industrial Fabricating Co., 
of Toledo, was able to save this 
Inconel radiant tube for Electric 
Auto-Lite Co., of Cleveland, for 
only $22.50. The tube was fabri- 
cated construction which made 
the repair feasible. Welder is 
using a tungsten are welding 
torch and “62” Inconel filler 
wire. Inco’s “60's” series of weld- 
ing wires are especially made 
for inert gas shielded metal are 
welding processes. 


May 5-7 (booths 158-161, Memorial Auditorium, 
Buffalo, New York). 


Write today for your free copy of “Inco Welding 
Materials.” It outlines recommended materials for 
similar and dissimilar joints involving Inco Nickel 


Alloys. 


THE INTERNATIONAL NICKEL COMPANY, INC. 


67 Wall Street, New York 5, N. Y. 
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Developments Sigma Welding 
Steel 


§ Improved torch handling technique plus specially deoxidized wire promises 
elimination of porosity for shielded inert gas metal arc welding of carbon steel 


by T. McElrath and R. T. Telford items, would not show immediate advantages because 

of the ratio of consumable material costs to productive 

labor and overhead costs. Exploratory trials supported 

this premise, but also proved that use of the process 

I. INTRODUCTION produced unquestionable cost savings compared to any 

method where speed and operating factor were im- 
portant. Typical examples illustrate this point. 

Sigma welding of ship plate in Canadian ship yards 
has been approved by Lloyd’s Registry and the Ameri- 
can Bureau of Shipping, using a standard killed welding 
wire and an oxy-argon mixture. All specifications for 


EMAR KABLE advances in fusion welding applica- 
tions have been realized during the past five years, 
due to the introduction of shielded-inert-gas 
metal-are (sigma) welding. This process was 


applied first to fabrication of nonferrous metals. The 


advantages of higher welding speed, higher arce-time 
factor and freedom from slag and spatter offered 


physical properties and radiographic requirements were 
met for butt welds and fillet welds in ship-quality steel. 
Similar requirements were met in an American Ship- 
yard. Sigma welding costs on these applications aver- 
aged 20 to 30°, lower than costs for flux-coated elec- 
trode welding, despite higher material costs for filler 


significant savings in over-all fabrication costs as com- 


pared to other welding processes. 


Successful production experience was easily obtained 


with such metals as aluminum, copper and stainless 


steel. However, welds on carbon steel were of very 


wire and shielding gas. 

A leading manufacturer of automotive parts has 
employed sigma welding in full-scale production during 
a period of two years. Miles of fillet welds have been 
made at costs considerably lower than had_ been 
achieved previously. 

Numerous applications have been made successfully 
on items such as compressor housings and thinner struc- 
tural members. 


poor quality until the introduction of oxy-argon mix- 
tures about three years ago. This paper may be con- 


sidered a progress report covering three years of research 


development and commercial exploitation of the sigma 


process as applied to the welding of carbon steel. 


Il. PRACTICAL APPLICATIONS 


It was believed that higher welding speed and higher 
are-time factor attributed to sigma welding would be 


Ill. PROCESS LIMITATIONS 


most valuable on repetitive, high-production types of 

jobs. So-called job shop welding, where actual are Information compiled from on-the-job experience 
time is relatively low because of short runs on many showed that satisfactory quality could not be assured on 
all types of carbon steel. Code quality welds could 
usually be made on deoxidized or “killed’’ steels, while 


T. McElrath and R. T. gg age are Development Engineers with the Linde 


Air Products Co., Newark, N. porosity levels were entirely unacceptable in other steel 
Presented at the Thirty-Fourth Nz ations il Fall Meeting, AWS, held in Cleve- E ee 
land, Ohio, week of Oct. 19-23, 1953. grades, regardless of intended use. 
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Steel ick ASTM 
Reference Grade 
No. 


A-7 


A-212B 


A-202B 
A-202B 


come 


A-242 
A-131-C 
A-285A 
A-201B 


NS 


“~~ 


A-285 
A-204 


Ss Others 


0.040 0.07 Cr 

0.037 

0.030 0.005 
Sol Al 

0.037 

0.031 

0.035 

0.038 

0.031 

0.031 0.005 
Sol Al 

0.031 0.030 
Sol Al 

0.040 0.007 

Sol Al 
0.54 Cr 
0.54 Cr 


soo 


0.77 0.032 
0.70 5 0.030 
0.01 0.012 
0.02 : 0.031 
0.22 0.039 
0.05 5 0.035 
0.19 t 0 029 
0.09 j 0.029 
0.02 0.035 
0.72 > 0.033 
0.08 0.034 
0.28 0.018 


Fig. 1 Physical and chemical properties of steel plates 


It was found that welds made in rimmed steel usually 
were more susceptible to porosity formation, compared 
to fully killed steel containing deoxidants. This 
pattern was not fully consistent, however; and further 
study showed that both carbon content and deoxida- 
tion level exerted an influence on type and extent of 
porosity. Composition variations within the limits of 
material specifications made it impractical to estimate 
weldability in the general terms of rimmed, semikilled 
or killed steel designations. 


IV. WELDABILITY PROGRAM 


A large quantity of weld samples were prepared to 
analyze the effect of carbon and silicon on porosity 
formation. Approximately seven tons of steel com- 
prising 30 compositions were used in these tests. Butt 
welds were made in thicknesses ranging from '/, to 
1'/, in. Fillet welds were made on '/,-in. thick plate. 
Welding conditions previously established successfully 
on production-type jobs were employed, utilizing 
normal torch-handling technique, a commercially 
available killed welding wire, and shielding gas com- 
posed of 5°% oxygen in argon. 

The physical properties and chemical analyses of the 
steel grades welded are tabulated in Fig. 1. 

Radiographic examination of 300 ft of butt welds in 
all steel compositions resulted in a definite correlation 
of carbon-silicon ratio with porosity. The various 
steels were divided into three groups, in the order of 
porosity-forming tendencies in butt welds. The divi- 
sion was made on the basis of average porosity count, as 
shown in Fig. 2. The Group I steels were readily weld- 
able, surpassing X-ray requirements of two Codes. 
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The one exception in Group I was Steel Reference No. 
49, a composition with unusually high silicon content, 
which appears to require special attention for weld- 
ability rating. The UW-51 Boiler Code for Unfired 
Pressure Vessels was used as a standard, as well as 
Military Specification MIL-R-11468 (ORD) 24 Sep- 
tember 1951 (Standard 1). The Group II steels ex- 
hibited small scattered porosity which would be accept- 
able for some types of work, but would not pass Code 
requirements. Improvement to meet quality specifica- 
tions could be achieved in some cases by controlling 
welding conditions very closely, including torch ma- 
nipulation during welding. Gross porosity was formed 
without exception in the Group III steels. This result 
is indicated clearly by the high porosity count shown 
in Fig. 2. 

The practical significance of these weldability ratings 
is illustrated in Fig. 3. The three groups of steels are 
plotted on this chart of carbon vs. silicon contents. 
The lower area represents Group IL steels, considered 
readily weldable. Group II steels occupy the center 
range, with porosity acceptability dependent on 
quality standards. The upper portion of weldability 
range covers Group III steels, wherein porosity always 
occurred, usually to a completely unsatisfactory degree 


The foregoing information pertains only to butt 
welds. Surface condition of the steel to be joined was 
the major problem involved in fillet weld quality. 
Good results could be obtained invariably on pickled or 
sandblasted plate regardless of material composition. 
Fillet welds made on rusted areas invariably produced 
porosity, with type and extent depending on plate 
condition. Worm-hole porosity and visible surface 
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Tensile 

= Ultimate, 

Psi Si Mn 
57 ,000 0.01 38 

2 3/4 ia 0.01 47 

3 0.14 38 

9 63,600 0.01 48 

10 63, 800 0.02 16 
12 1'/, A-285 0.05 43 

13 A-212 te 0.21 79 

15 76,000 0.22 0.85 

17 || 80,700 

24 47,200 0.003 

31 1'/, 0.020 

35 3/, 0.012 
36 3/, 0 008 

49 a/, bei 0.033 


Percent of 


Completed 

Steel Number Average Porosity Count* Welds 
Reference Thickness, Group of Feet Over 12-In. Length Accepted by 
No. In. Rating Welded S M L WH Twot Codes 


Butt Welds 


2 

0 1.2 0.4 0 100 
2 $ 0.5 0 100 
5 4 3 0 60 
l 2 0 0 100 
2 7 6 0 50 
3 H 6 0 0 
3 6 4 0 50 
0 5 2 0 65 
2 4 5 0 0 
2 H H 7 0 0 
2 13 38 6 0 0 
2 5 3 1 0 100 


— 


2 Ill 


Nm to = 


* S'/so in. diam and less; .V, '/32 to '/;gin. diam; L, above '/;4.in. diam; WH, wormholes; H, large number of holes. 
+ MW-51 Code for unfired pressure vessels. MIL-R-11468 (ORD) 24 September 1951 (Standard 1). 


Fig. 2 


Porosity count of welds made with killed electrode wire 


porosity occurred most frequently on heavily scaled chemistry of a given grade of steel allow wide changes 


plate. Weldability rating for fillet welds therefore in carbon and silicon contents, and thus wide changes in 
became a simple matter of defining the surface con- weldability. Second, a large portion of structural steel 
ditions that would permit deposition of acceptable is found in Group III. 


welds. Although the necessity for relatively clean 


surfaces was a deterrent, it was possible to make good er : . eae 
V. NATURE OF POROSITY 
welds consistently under specified conditions as proved 
by successful field applications. The practical nature of the porosity problem was now 
A study of Fig. 3 serves to illustrate the extent of the established, and further study was undertaken to learn 


problem for two reasons. First, variations in the the specific causes for porosity. A carbon-oxygen re- 


GROUP 

2. /BLY WELDA 
WELDABLE ONLY WITH 13. WITHOUT POROSITY. 
POROSITY FORMATION 
lw 
12. 
<a 10 
48 4l. 51. 
17> 
re) 49> 

1. 3. 

50. 

3 35 GROUP I 
.24 READILY WELDABLE WITHOUT POROSITY 
nal 0.05 0.10 0.15 0.20 0.25 0.30 


SILICON CONTENT OF BASE PLATE, PER CENT 


Fig. 3 Weldability of steel plates compared with carbon and silicon content 
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16 5/16 I 
17 
: 24 
49 3/4 
51 
1 II 
13 
14 
15 
31 1'/, 
35 3/4 
36 3/4 
50 16 
‘ 
5 V/, H H 5 10 0 
9 I/, H H H H 0 
1] Al's H H H H 50 
. 12 I'/s H H 11 0 0 
30 3/4 27 10 6 0 0 . 
41 5/4 17 16 10 0 0 , 
48 15 4 2 0 50 
q 
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Amp 
DCRP 

Cur- Wire 

rent Are Diam- Torch 
Range Length — eter Angle 


Weld Joint 


3/,-in. butt weld, * 300 3/16 
Ist pass to to 
430 5/16 
in. 

@ = 20° to 30° 


Reverse side root / lo 


pass 


® = 15° to 30° 


Cover passes 
and 4 


Fillet welds '/, in. 


@ = 10° to 15° 
¢’ = 30° to 45° 


* 60-deg double bevel groove weld, sharp nose, 0 to * yin. 
spacing; 50 cfh of M-5 sigma grade argon. 


Fig. 4 Operating data for normal technique 


action is believed to be the prime cause for porosity in 
carbon steel weld metal. This reaction forms carbon 
monoxide which is trapped in the solidifying puddle. 
The carbon is present as an element in both the plate 
and the filler wire. Oxygen is occluded in the plate and 
wire, and is present also in rust and mill scale on the 
plate. Gaseous oxygen in the argon-oxygen shielding 
gas mixture probably exerts some influence. 

It is fortunate that oxygen combines less rapidly with 
carbon than it does with other elements. Silicon is the 
most common element used to ‘‘tie-up’’ oxygen in killed 
or deoxidized steels. Silicon and oxygen combine 
during welding also to form nongaseous oxides, which 
float to the surface of the puddle. This oxygen-con- 
suming property of silicon accounts for improved weld- 
ability in silicon-bearing steels, as has been shown in 
Fig. 3. 

Further consideration was necessary to determine 
why the fillet weld represented a special case, because 
porosity in fillet welds did not follow the pattern 
developed for butt welds. An analytical appraisal 
revealed that five to ten times as much original plate 
surface is melted in depositing a fillet weld in compari- 
son to a butt weld. It was concluded that the amount 
of free oxygen originating from rust and mill scale on the 
surface was much greater than the amount of oxygen 
originating from the base plate. The absence of 
porosity in fillet welds on cleaned plate shows clearly 
that the surface rust and scale are the major sources of 
porosity formation in this case. 
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VI. AVENUES OF INVESTIGATION 
Three main avenues of investigation seem logical to 
overcome the formation of porosity. These are: (1) 
Torch manipulation, (2) wire development and (3) 
shielding gas development. Development activity on 
all three of these subjects will in turn be discussed. 


VIL. TECHNIQUE IMPROVEMENTS 


Manipulation of the torch appeared to have little in- 
fluence on weld quality on nonferrous materials. 
Slight forehand or backhand torch angles were used 
to enable best visibility of the joint. A steady straight- 
line motion along the joint seemed satisfactory, except 
for transverse weaving employed on wide cover passes. 


Fig. 5 Torch motion with normal technique for root pass 


Fig. 6 Torch motion with normal technique for reverse 
side, root pass 
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manipulation by the rapid torch motion, in forward and 
backward oscillation along the seam, in combination 
with a backhand torch angle. The amplitude of 
oscillation might vary from '/, to °/s in., with a fre- 
quency of one to one-and-a-half times per second. 
Somewhat higher shielding gas flows were necessary, 
but not sufficiently higher to make the process un- 
economical. 

The “whipping” technique for butt welds is shown in 


Amp 


DCRP 
Cur- Wire 
rent Are Diame- Torch 
Weld Joint Range Length ter Angle 


butt weld* 350 ‘ 
Ist pass to or to He, 
450 3/59 


Fig.7 Torch motion with normal technique for cover pass 


This ‘‘normal”’ technique was applied to sigma welding 
of carbon steel also, and was successful on the Group I 
Operating conditions for the 
Tech- 


nique details involving torch motion are shown more 


or readily weldable steels. 
“normal’’ technique are illustrated in Fig. 4. 


graphically for butt welds in Figs. 5, 6 and 7 for root 
passes, reverse side root passes, and cover passes, 
respectively. Figure 8 shows the “‘normal’’ technique 
for fillet’ welds. 

Changes in technique were investigated for improving 
the weldability of the Group II and Group III steels. 
A “whipping”’ technique proved to be most advanta- 
geous by the direct result of lowering porosity markedly 
differed from conventional 


in most instances. It 


Fig.8 Torch motion with normal technique for fillet weld 
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Fig. 10 Torch motion for whipping technique, used for 


Sigma Welding Carbon Steel 205, 


Reverse side root 400 


@ = 35° to 40° 
Cover passes 3 400 4 
and 4 to to or ' 
in in 
@ = 30° to 35° 
to to or 
450 3/16 3/3 
in in 


¢@ = 30° to 45° 
¢’ = 30 to 45° 


* 60-deg double bevel groove weld, sharp nose, 0 to 1/3:-in. 
opening; 60 cfh of M-5 sigma grade argon. 


Fig 9 Operating data for whipping technique 


all passes 


3" 
16 

\ in. in. 1 
@ = 30° to 35° 
| 
q 
a 
Ess \ y 


WHIPPING 
TECHNIQUE 


Fig. 11) Torch motion for making fillet welds with whip- 
ping technique 


Figs. 9 and 10, and for fillet welds in Fig. 11. A longer 
molten puddle results from this technique, and the 
puddle is agitated vigorously before it solidifies. The 
apparent cause for porosity reduction on butt joints 
was release of trapped gases from the puddle before 
solidification occurred, through comparatively violent 
agitation of the puddle. The “whipping” technique 
expanded practical weldability levels through the 
Group II steel range, and has exhibited good possi- 
bilities for improving quality in Group IIT steels. 


VIE. WIRE DEVELOPMENT 


The carbon-oxygen reaction theory suggested an 
obvious line of attempting porosity reduction through 
addition of deoxidizers to the puddle. Various means 
could be adopted to accomplish this purpose. Pastes 
or solutions painted on the joint before welding do not 
offer uniform results, and interfere with production 
operations because of the extra attention required. 
Mechanical additions to the wire surface contribute to 
are instability, and tend to segregate without going into 
solution to create the deoxidizing action. Additional 
wires fed externally have the same disadvantage. The 
best method of adding a deoxidizer to the puddle is to 
alter the chemical composition of the filler wire. 

Porosity is reduced, but not sufficiently, by using a 
high silicon wire. Also, a sluggish puddle is formed 
that is difficult to control while welding. Aluminum is 
a potent deoxidizer, although the weld puddle becomes 
very sluggish when enough uncombined aluminum is 
present in the wire to effect complete deoxidation. The 
heavy refractory oxide formed from the deoxidation re- 
action is detrimental to smooth progress of the welding 
operation, particularly in multipass welding. 

Many trials in adding deoxidizers to the welding wire 
were finally rewarded by development of an entirely 
new experimental steel wire composition. This spe- 
cially deoxidized wire suppresses porosity formation 
significantly, without affecting the puddle otherwise to 
any noticeable extent. All of the steel grades pre- 
viously tested in the weldability program were rewelded 
with the new wire. Decided quality improvement was 
recognized in fillet welds on uncleaned plate, and in butt 
welds made in the Group IT and Group III steels. 


Percent of 
Completed 


Steel Number Average Porosity Count * Welds 
Reference Thickness, Group of Feet ———-Over 12-In. Length———~ Accepted by 
No. In. Rating Welded Ss ] L WH Twot Codes 
Butt Welds 
16 5/16 I 3 7 3 1 0 100 
17 $/, 6 6 2 1 0 100 
24 
49 3/, 5 12 3 1 0 80 
dl '/s 1 12 7 0 0 100 
1 1/, II 1 23 Ss 5 0 0 
13 1'/, 2 Ss 2 0 0 100 
15 3/4 s 10 2 1 0 80 
31 l'/, 2 2 0 0 0 100 
35 5/4 2 9 3 0 0 100 
36 a/, 2 10 0 0 0 100 
50 5/16 2 15 3 1 0 100 
2 3/, Ill 5 9 3 1 0 100 
5 "/, 2 4 7 2 0 100 
ll /, 3 8 5 2 0 50 
12 1'/ 2 11 1 0 0 100 
30 3/4 2 8 2 1 0 100 
41 3/4 1 2 1 0 0 100 
48 
* S, ‘/s2 in. diam and less; M, '/3. to '/:e in. diam; L, above '/1. in. diam; WH, wormholes. 
t 1 W-51 Code for unfired pressure vessels. MIL-R-11468 (ORD) 24 September, 1951 (Standard I). 
Fig. 12 Porosity count of welds made with special deoxidized wire 
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—Average Holes* per Foot 


Steel Commercial K Specially 
Group Rating Killed Wire Deoxidized Wire 
I 1.0 0.9 
II 4.0 08 
Ill 19.6 


* Large holes and wormholes. 


Fig. 13 Comparison of sigma welds made with killed wire 
and with special deoxidized wire 


Figure 12 shows porosity counts and Code accept- 
ability of samples made with the new experimental 
wire. Butt welds prepared with any technique in any 
of the steel compositions passed quality standards with 
only occasional exceptions. 

Here again, as noted in Fig. 2, certain steel composi- 
tions need special attention. Further work would serve 
to eliminate this condition and allow 100% Code 
acceptance. 

The data shown in Figs. 2 and 12 have been tabular- 
ized and compared in Fig. 13. The table shows little 
difference between the killed wire and the experimental 
wire on Group I steels. On Group II steels porosity 
increases noticeably with the killed wire but remains 
substantially the same with the special wire. The 
greatest difference is shown in Group III steels, were 
some 19 large holes per foot were encountered with the 
killed wire but the porosity count remains at a very low 
level with the experimental wire. The figures shown 
in this table represent the total count of holes larger 
than '/j-in. diam, plus wormholes. The same ratio 
applies for smaller holes. Code acceptance can be met 
in Group I steels and sometimes in Group II steels, with 
the killed wire, and in all three groups, with the experi- 
mental wire. All of the foregoing discussion is based on 
the use of normal welding techniques. The knowledge 
gained on the values of special deoxidations has not vet 
been applied to commercially available wires. 


MANUAL SIGMA BUTT WELDS IN 3/4IN. STEEL 


Figure 14 illustrates typical radiographs. The top 
weld is typical of that being obtained daily on Group I 
steels with normal techniques and a killed wire. The 
second weld shows the result on a Group III steel. The 
third and fourth welds were made in the same Group III 
steel and show the benefit gained by use of the “whip- 
ping”’ technique and the experimental wire. 


IX. SHIELDING GAS 


Mixtures of inert gases such as argon and helium, 
together with additives, have been tried for manual 
sigma welding in an effort to reduce porosity formation. 
While in some cases a benefit may be realized, it is more 
than offset by process handicaps such as undercutting, 
spatter, and flow rate requirements. Thus far, no 
combination has shown any clear advantage over the 
mixture of 5% oxygen in argon so far as reducing po- 
rosity in sigma welding steel is concerned. 


X. SUMMARY 


1. Manual sigma welding of carbon steel has been 
accepted commercially on certain grades of steel com- 
position. 

2. Significant cost savings accrue where natural 
process advantages of high welding speed and high duty 
factor can be exploited practically. 

3. Porosity in weld metal is the principal deterrent 
to complete adoption of the process for all types of 
carbon steels. 

4. Weldability ratings by steel compositions have 
been established to show application ranges that may be 
handled with “normal’’ techniques and commercially 
available filler wires. 

5. An improved torch handling technique is useful 
for extending the weldability range in terms of Code 
acceptance. 

6. Experimental results with new 
welding wires show’ very’ good 
promise for eliminating porosity. 


WELDING 
WIRE 


STEEL |TECHNIQUE 


TYPICAL RADIOGRAPHS 


Commercial availability of such wires 


GROUP I KILLED 


GROUP NORMAL KILLED 


WHIPPING KILLED 


EXPERIMENTAL 
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Fig. 14 Typical radiographs showing the advantage of the whipping technique 
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will depend upon the practicability of 
manufacturing at reasonable cost. 
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by J. P. Vidosic 
INTRODUCTION 


General Remarks 


You have just been eloquently informed about the 
fundamentals of engineering. I am to talk about fun- 
damentals as well. But, my fundamentals must 
apparently be of a somewhat different sort. I have 
basic things in mind too; yet, if the curriculum just 
described became standard, my present problem would 
vanish as such. In the ideal situation there would be 
no need for a course in welding or any other design, 
because every mechanical design does simply involve 
branches of physics such as mechanics, heat and elec- 
tricity. Courses such as strength of materials, elas- 
ticity, kinematics and dynamics do provide complete 
basis for elastic design. However, although the pres- 
ently reigning school of thought unquestionably admits 
the necessity for fundamental knowledge, it also argues 
that knowledge which concerns itself with the proper 
application of the basic theories in specific fields of 
endeavor is also quite necessary in our present scheme 
of engineering education. 

If one is to engage in pure research or in the higher 
brackets of development, there is no doubt but that 
more and better knowledge of theory and fundamentals 
would be of great value. On the other hand, those 
concerned with the engineering of practical industrial 
problems might find much use for many of the technique 
fundamentals as well. However, it is not our lot or 
desire today to settle this controversy or even discuss 
the pros and cons, at least not in so far as this paper is 
concerned. Therefore, let us assume that we must 
teach both types of fundamentals and thus proceed to 
discuss the teaching of welding design. * 


The Task 


The present, very capable chairman of the AWS 
Educational Committee conducted a survey in 1950 
in which he asked, among other things, for views of 
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Teaching Welding Design 


» There is need for readily available specific design 
material for colleges at the higher design level 
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“top level educators” concerning the problems of teach- 
ing welding and welding design in American colleges. 
Eighty-four per cent of the schools contacted replied 
indicating strongly the wide recognition of welding tech- 
nology as a subject of importance and the problems of 


teaching it of much concern. An analysis of the report 
of this survey! and especially of the appendices in the 
original report reveals three things concerning the teach- 
ing of welding and welding design. 

(a) Most American colleges do a satisfactory job of 
teaching the art and techniques of welding. 

(b) Effective teaching of welding design is generally 
lacking. 

(c) Instructors of design courses are generally ready 
to teach welding design, but two deficiencies prevent 
them-—not enough time and not enough material. 

As a teacher of Machine Design subjects, I wish to 
stress that my experience indicates full agreement with 
the above observations. Welding design could be 
taught effectively, if the deficiencies reported in (c) 
were eliminated. We can do little about providing 
more time, but we can definitely help to provide the 
material. It is the purpose of this paper to present 
and discuss this problem of welding design material. 
There is a need, a very great need, for readily available 
welding design material of the caliber suitable for use 
in our colleges at the higher design level. Our seniors 
quickly lose interest in the general statements, and the 
very elementary principles about welding design con- 
tained in most of the printed information available to 
them. Let us then assume the responsibility for pro- 
viding better material and proceed to analyze the task 
before us. 


The Qualifications 


In order that my position be understood, it is wise 
that I qualify myself. I am neither a welder nor a de- 
signer of weldments. Oh, yes, I once had a college 
shop course in are and gas welding. I even studied a 
chapter or two entitled “Welding Design.” But, this 
hardly qualifies me to teach welding design. 

I am a professor of engineering mechanics and of 
machine design. As such, I have taught the very 
simple stress-area-load relation that supposedly defines 
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the stress distribution in a weld fillet; but, this ele- 
nentary theory does not satisfy the curiosity of a col- 
Therefore, along with many others, I 
have often neglected teaching anything about welded 
joints or weldments in our machine design course. 
The answer is, no doubt, an empha- 


ege senior. 


Now, is this wise? 
tic No. Welding is a commercially important joining 
process. Is this omission necessary in the usual de- 
The answer here is probably just as em- 
And, I wish right here and 


sign course? 
phatically the positive one. 
now to disclaim the total blame for this from the profes- 
sor of machine design. He is partially at fault, but, 
in my opinion, the primary difficulty is with the indus- 
try. To handle its rapid expansion, industry has over- 
simplified welding design to such an extent that it has 
reduced it to a rough, overempirical process. 


THE WELDING INDUSTRY 


The Art of Welding 


Welding is a rather new metals joining process. It 
was around the turn of this century that several of the 
important welding processes were being developed and 
established as tools for industry. These were accepted 
quickly and enthusiastically in many cases until today 
fabrication by welding is so widespread that over 90 
billion dollars worth of our national yearly output in- 
volves some amount and kind of welding technique. 
This rapid growth required quick action on the part of 

hose who guided the welding industry. The AMERICAN 
through its technical committees, 
proceeded quickly to define the training and qualifying 
of welders so that the art of welding could be efficiently, 
economically and safely performed by many individ- 
uals, under varying conditions, and on a great variety 
of articles. This phase of the contribution is indeed 
a monument to you gentlemen, to your committees 
and to your organization. 


The Theory of Welding 


The concentration upon process and technique re- 
quired by an industry being accepted so rapidly left 
very little time for the basic study of the method. 
The “why” suffered because of the need for the “how.” 
The result was necessarily empiricism, much of it and 
throughout the process and design. In so far as I can 
tell, it was only around the thirties that the funda- 
mentals of the process, the metallurgy, the pyrodynam- 
ics, and the theories of elastic action with the stress 
distribution and load carrying characteristics began to 
be sufficiently considered. It seems probable too that 
at first investigators were guided by empiricism. 
Accurate experimental tools were yet to be developed, 
and conclusive data could only be accumulated slowly. 
For these reasons, many assumptions became the rule 
in the theories proposed and so in many instances 
they continued to be approximate and in one or two 
vases possibly even erroneous. 
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Welding Research 


The design of welded joints and weldments that we 
are dealing with in this paper concerns itself primarily 
with strength and elastic action. Therefore, the phys- 
ical properties of the material selected for the design, 
its grain structure, and its metallurgy are usually ac- 
cepted and simply used. In the development of de- 
sign theories, these factors must, however, be carefully 
considered and accounted for. In the case of welds, 
the metallurgy and metallography of the filler material 
is probably even more critical. Time did not permit an 
investigation of welding research in this direction. 
The facts relative to it are consequently not known. 
It must be pointed out, however, that many of the 
stress analysis investigations, reported upon, claim 
identity between the filler and parent materials without, 
apparently, offering authoritative proof for this claim. 
Yet, it is an extremely important and critical factor 
that comprises a very basic assumption in most of 
the experimental attempts to uncover the stress dis- 
tribution within a welded joint. The one such inves- 
tigation that the speaker can readily point to is a Mas- 
ter’s thesis? project performed in 1934 under the spon- 
sorship of a corporation whose engineering was then 
headed by a president of the AMERICAN WELDING 
Society. It was concluded here that in the case of 
thermit welding the structure of the weld was quite 
similar to that of a steel having the same carbon con- 
tent. Is this sufficiently true in the case of all welds? 


One of the earliest papers*, written in 1930 contained 
this statement. ‘Much has been written in the pub- 
lications of this Socrery (AWS) about the practice of 
welding, but very little about the theory.” Another 
sentence in the same paper read “The future of welding 
is in the hands of the designers, and all design is based 
on theory.”” You see the problem was recognized long 
ago. But, the road is difficult. The theoretical anal- 
ysis contained in this paper was based on assump- 
tions that were proved inconsistent by later investiga- 
tors. Welding design for particular structures received 
arly attention. Such is the case of a paper‘ deal- 
ing with unfired pressure vessels. Much discussion- 


pro and con—accompanied this presentation. 


The photoelastic method of stress analysis was also 
used early in the study of welds. Probably, the great- 
est of all photoelasticians, E. G. Coker himself re- 
ports’ upon a rather extensive investigation of lap 
and butt joints. Using celluloid as the double-re- 
fracting material, he investigated cemented as well as 
solid models of welded joints. He recognized, you see, 
the problem of similar and dissimilar metals. In 
discussing this question he wrote “If it might be as- 
sumed that the metal in the added portions. ...was 
of the same quality as in the plates and strap, and 
that the welds were perfectly made, then it was only 
necessary to slit a transparent plate model of the out- 
line of that joint. . . .in order to reproduce the conditions 
obtaining in a joint of that kind.” He continued, “Tf, 
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however, it was desired to try the effects produced by 
fusing metals of a different kind to the plates and strap, 
then, it would be necessary to make parts... .of other 
materials and to cement them in place with a suitable 
dope.” 

Another excellent report is that of A. G. Solokian® in 
which he describes extensive photoelastic analyses, us- 
ing Bakelite as the model material. He, also, consid- 
ers the question of dissimilar metals to find that in the 
case of the plastic models very little difference is found 
in the stress distribution between a solid and a ce- 
mented joint. The query as to whether the actual weld 
results in identical material properties and perfect 
bond is again raised. His investigation also proved 
wrong some of the assumptions made in earlier mathe- 
matical analysis. 

C. D. Jensen, in his paper’ on combined stresses in 
fillet welds, reports upon an investigation in which 
three published methods of stress analysis of welds 
are studied. Cantilever beams fillet welded to the 
“wall” are loaded to fillet failure. The resulting stresses 
are established and compared with those computed 
by the three theories. The comparison reveals the 
computed stress to be on the extra safe side in many 
cases. Among other things he, therefore, concludes 
that “the proper method for determining stresses in 
fillet welds may not yet be known.” A little later, 
C. H. Jennings discusses comprehensively the design 
of welded joints.’ He develops a mathematical 
method which though still not exact is shown to be in 
closer agreement with experimental results than other 
proposed procedures. The very critical subject of 
stress concentration in weld fillets is also analyzed. 
It is pointed out that stresses as high as eight times the 
average stress have been measured at the root of the 
fillet and five times as high at the toe. It is also shown 
how the Goodman fatigue diagram can be applied to 
the analyses of welds subjected to repeated loads. 
Mr. Jennings defines the ideal welded structure as being 
“composed of the fewest parts possible joined with the 
minimum amount of weld metal that is adequate for 
fabrication and service requirements.” 


Investigation of stresses in welds are still being con- 
ducted. A recent one dealing with a variety of trans- 
verse fillet welds is a rather thorough photoelastic in- 
vestigation.* Curves of normal and shearing stresses 
along the legs and throat of the weld fillet are estab- 
lished. Convex, concave, full and partial triangular 
fillets are studied. Spot welds have recently been the 
subject of some study.” Electricstrain gages and stress- 
coat, as well as photoelasticity, are used in this lim- 
ited investigation of spot-welded lap joints subjected 
to cyclic loading. Although, as indicated in the paper, 
the data cannot be considered conclusive for much 
more work needs to be done, the authors tentatively 
point out that ‘the joining of two plates by one row of 
resistance spot welds is inherently unsound when used 
for important structures carrying greatly variable loads 
or reversal of stress.” 
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Welding Design Practice 


Although much theoretical, as well as experimental! 
research of the stress distribution in welds has been re- 
ported upon, the picture is not yet complete. Much 
more needs to be done. It is probably because of this 
reason thea that the design of welded joints and of 
weldments is so highly empirical. It is more than em- 
j irical; it is at times even confusing. One will come 
across a circular that claims ‘‘conclusively”, though in 
very general terms, that welding is the only proper proc- 
ess for the fabrication of some particular machine 
frame. Yet, another circular will portray just as 
strongly why another quite similar frame shculd be 
cast or forged. This kind of material certainly cannot 
be used in our classrooms. 

The Wetpinc Hanpgook,'! the standard reference 
of American practice, is a volume of 1579 pages of text 
material. One section titled ‘‘Design and Cost Consid- 
erations” consisting of 38 pages, deals with the subject 
oi elastic design. This means that only about 2.4% 
of the pages of this much-used and widely accepted 
hand! ook are devoted to the important topic of welding 
design. 

In a paragraph discussing the importance of joint 
design, it is stated: ‘‘Proper joint design is a vital 
part of a welding procedure. ... The manner in which 
stress will be applied in service, whether tension, shear, 
bending or torsion, should be considered. Certain 
joint designs are suitable only for stress applied in one 
direction, while others are suitable for use when appli- 
cations of stress are varied or unpredictable. Simi- 
larly, statically and dynamically loaded joints re- 
quire different designs. . Now this is a wise state- 
ment that well recognizes the magnitude of the prob- 
lem. Yet, a mathematical attack using basic princi- 
ples does not follow. Instead, we find in the main a 
series of about 30 “typical joints” with a set of general 
notes depicting when it might be best to use a particu- 
lar type. In addition, dimensions defining the welded 
portion are presented. This apparently is a sufficient 
practical method of welded joint design, but it does not 
provide a mode of attack based on sound principles for 
the stress analysis of welded joints or for the design of 
efficient, safe and economical weldments. It may be 
practically satisfactory because of overdesign. It 
should be pointed out right here that this kind of ma- 
terial should not be, and, therefore, usually is not 
taught to upperclass students of engineering in our 
universities. 

One may point out that the HANDBOOK is a reference 
book intended for practicing engineers and not a 
textbook for classroom use. Well, let us review a text- 
book" written for college level training. This is a well 
written, widely adopted book. It is an art-type book 
intended to acquaint the student with the many weld- 
ing processes and associated equipment rather than with 
the analytical design of welded joints and weldments. 
Out of 504 pages, 47 or about 9.3%, deal with the topic 
of design. Very naturally the important considera- 
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tions involved in the selection, as well as the execution, 
of the welding process are thoroughly discussed. The 
actual design information, however, follows the method 
found in the previous book. The determination of the 
length and size of fillets is explained using only the 
most elementary law of strength of materials, S = 
P/A; and the series of figures, found in the HANDBOOK, 
depicting proportions of groove, fillet and combination 
joints are reproduced. This empirical presentation is 
bound to be typical of such textbooks. 


TEACHING WELDING FUNDAMENTALS 


The engineering profession has been defined as many 
things; primarily, it is a profession in which men ap- 
ply the known laws of nature, the basic principles of 
the sciences, for the good of mankind. This is a high- 
level of performance, and so the individual who is to 
achieve it successfully must be trained until he is well 
founded in the basic principles, the fundamentals of the 
sciences. This, also, means that the student must be 
trained to face the new and unfamiliar. He must have 
the capacity to handle the situation with initiative, 
skill, competence and confidence. He cannot and will 
not do this if his education leaves him with the impres- 
sion that all about a particular topic, say welding de- 
sign, is known. This could well be the impression a 
student might receive about welding if he were to be 
instructed using the welding design material just de- 
scribed. And, believe me, gentlemen, he would be of 
no lasting benefit to the welding industry. His contri- 
bution could not extend much beyond the solution of 
routine design problems. 

What then should we do about teaching welding de- 
sign? Well, if we are to teach it, we must focus our 
attention on fundamentals, not empiricism; on theory, 
not practice. Furthermore, the ever-present problem 
of time in our engineering curricula necessarily reduces 
this teaching to that. which can be included in a design 
course that must cover many other basic things as well. 
To do this, we must have better welding design mate- 
rial than what is usually found in standard design texts. 
An excellent and widely adopted machine design text- 
book'* devotes 12 pages or 2.4% of the total number of 
pages to welding as compared, for instance, to 4.8% on 
screws and 14.9% on gears. Some of this material is 
quite basic, but does the AMERICAN WELDING Sociery 
accept it? And, what about weldment design? There 
appears to be no reference to it. Another well-accepted 
textbook" of machine design presents similar informa- 
tion in 2.3% of its pages as compared to 8.6% on 
threaded members and 12.7°% on gears. 

Two thoughts thus strike us. Either the design of 
welded joints and weldments is merely an easy applica- 
tion of simple stresses or the subject is sufficiently com- 


plex to have thus far resisted an adequate presentation 
by authors of such engineering texts as those in the 
field of machine design. Obviously, the first is not 
true. Stress concentration and fatigue rule it out; 
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and, so does the material in many of the published pa- 
pers dealing with the subject. It must be then that the 
second thought deserves some attention. The task 
again then is to prepare and make readily available the 
necessary instructional information. 


ACTION NEEDED 


If it is recognized then that the proper instructive 
material is lacking, the task of compiling and supplying 
it must be accepted. But, who is to do this? Evi- 
dently, it is too much of a task for the authors of design 
books. There is too much material that must be col- 
lected, perhaps even investigated, analyzed, assimi- 
lated, condensed and presented. This will take much 
time and some funds. I believe this is a project for 
the AMERICAN WELDING Society to sponsor and the 
welding industry to support. It is a proper and timely 
project for the AWS Educational Committee. How- 
ever, the committee must be granted a sufficient budget, 
if it is to undertake and accomplish the task. My 
suggestion is that this be carried to completion in three 
phases. 

1. A bulletin covering the analytical design of 
welded joints and of weldments should be prepared 
and made available to teachers of such courses as ma- 
chine design. 

2. A symposium should be conducted at which this 
booklet would be presented to and discussed with se- 
lected staff members of our engineering schools who are 
concerned with the teaching of welding design. 

3. If industry has a similar need, short courses in 
welding design should be co-sponsored at some of our 
engineering schools for design engineers from industry. 

A brief expansion of the first phase might be desira- 
ble. The final formulation of the bulletin is a matter 
requiring much consideration and discussion. How- 
ever, to start the thinking, the following outline is sug- 
gested for consideration: 


DESIGN FOR WELDING 


1. Welding processes. 
2. Other fabrication methods. 
3. Analytical design of welded joints: 


(a) General considerations. 

(b) Force and stress analysis. 

(c) Stress concentration. 

(d) Repeated loading. 

(e) Strength design. 

Design of weldments. 
5. Welding data: 

(a) Weldable materials. 

(b) Welding materials. 

(c) Allowable design stresses. 

(d) Heat treating considerations. 
6. Illustrations of welding application. 
7. Welding design problems. 


It is realized that this paper contributed little to the 
topic suggested by the title. I cannot tell you how to 
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teach welding design; because, plainly, I do not know 
how. And, I dare say there are many more teachers in 
this category. However, I am certain that much pro- 
ductive teaching of welding design would occur if 
sufficient information were provided. And, further- 
more, both our engineering education and the welding 
industry would benefit substantially, if this productive 
teaching of welding design were to become the rule. 
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Maintenance Welding the Petroleum Industry 


® Successful maintenance welding requires a combination of skill, 
imagination, ingenuity and a knowledge of scientific principles 


by Don H. Rasmussen 


Foreword 
This paper is written especially for those welders who are inter- 
ested in improving themselves, as well as for metallurgists and 
engineers who wish to understand better the problems of the 
maintenance welder. Maintenance welding requires a combina- 
tion of skill, imagination, ingenuity, confidence and determina- 
tion, all intermingled with scientific principles. One without the 
other will fail. Proper proportions of all will result in greater 

savings through maintenance welding. 


INTRODUCTION 


OMEONE said, “The world runs on oil.”” An 
interesting subject indeed would be to discuss 
what keeps “oil running?” It might be said that 
the maintenance man keeps oil “running,” and 

that the most basic process and tool to assist him is 
welding. This boastful statement may have some 
value in convincing those concerned of the importance 
of maintenance welding. 

Welding already plays the major role in maintenance. 
However, welding is not used as extensively as it should 
be. One is able to get an idea of the present potential 
when it is pointed out that the Oil Well Drilling 
Industry alone expended over $18,000,000 on welding 
Even this figure will 
be dwarfed, for an actual survey has shown that 


equipment and services in 1952. 


although only 55°% of the nation’s drilling contractors 
own their own welding equipment, 72% of all the 
contractors (whether they currently own welding 
equipment or not) thought that company-owned-and- 
operated welding equipment would be profitable to 
them. 

It costs a contractor approximately $1100 per day to 
operate a drilling rig. 
being paid for the footage his drilling rig is making. 
Thus, it is litthke wonder that proper maintenance to 
reduce “downtime” is so important. 

Oil well drilling, Fig. 1, is but one link in the chain of 
processes used in the Petroleum Industry. Data from 
cable tool operators, refineries, etc., point out that 


His costs go on while he is only 
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maintenance welding already is big business and is 
treated as such. Thus, it is easy to predict a bright 
future for those interested in welding and those who are 
willing to apply themselves to studying the variable or 
component parts of welding in such a way that they can 
successfully reproduce jobs through knowledge, rather 
than by trial and error. 


Figure 1 


Rasmussen— Maintenance Welding 


a 
4 
a 
on 

Ny 

5 
213 4 


This favorable reaction of the entire Petroleum 
Industry is based on present-day methods, the talents 
of the men charged with the responsibility of welding, 
and, also, with the present-day demand for oil. New 
and improved welding processes, better and more easily 
weldable alloys, along with a clearer and deeper under- 
standing of the variables of welding will increase the 
possibilities for maintenance welding. Demands for 
more and more oil will be responsible for the continued 
growth of the entire Petroleum Industry with a parallel 
increase in the need for more maintenance. 

Qualified men have this to say: “Welding involves 
more sciences and variables than any other industrial 
process, Which may explain why most of those concerned 
are satisfied with a very crude understanding of its 
problems.”* Henry, Claussen and Linnert? say: 
“Welding, long fostered as an art, is fast becoming a 
science, at least in part, through our growing knowledge 
of welding metallurgy.”’ These statements speak of vari- 
ables and changes, and can form the basis for a system- 
atic study of maintenance welding. Wecannot“addup” 
the variable or component parts of a welder or a mainte- 
nance problem as easily or as accurately as a chemical 
formulaor a mathematical equation, or evena production 
problem; nevertheless the variables are there and if 
understood can be used effectively to an advantage. 

The field of metallurgy is fast changing and becoming 
more and more specialized. New and more refined 
alloys are constantly being developed to meet special 
applications. Many metals with special corrosion, 
abrasion, heat resistance, subzero or elevated tempera- 
ture strength or toughness are extensively used in the 
Petroleum Industry. Those of us involved with weld- 
ing must keep informed of all these developments and 
adapt our maintenance processes and procedures to 
these new materials. 

It is not within the scope of this paper to discuss in 
detail all the variables of maintenance welding. It is 
the purpose of this paper, however, to point to some of 
them and discuss them in the hope of raising the level 
of maintenance welding in the Petroleum Industry. 


WELDING INVOLVES TWO BASIC STEPS 


Fundamentally, the talents required for welding can 
be separated into two distinct categories: (1) informa- 
tional know-how and (2) manipulative skill. Informa- 
tional know-how involves the mental work or planning. 
Manipulative skill is the manual or machine work, i.e., 
the carrying out of the plan. The engineer who has 
never learned to manipulate the are or torch is an 
example of concentrated informational talent, while the 
automatic welding machine is comprised of 100% ma- 
nipulative skill, and no informational talent. Both 
examples are extremes to illustrate the difference in the 
two skills or talents. 


* Wetpine Hanpsook, Second Edition, American WeLpING Soctety, 
New York, N. Y. (1942). 

t Henry, O. H., Claussen, G. E., and Linnert, G. E., Welding Metallurgy, 
2nd ed., AMERICAN WeLDING Soctety, New York, N. Y. (1949). 
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A survey was recently taken at one of the world’s 
largest construction firms whose specialty is main- 
tenance. All the steps in a unit of welding were listed 
and discussed. Supervisors and welders then voted on 
their relative importance. The voting showed that of 
the talents required to complete all the steps in a unit 
of welding, these experienced men felt 90% was in- 
formational know-how and only 10% manipulative skill. 

Welding involves principles in the fields of physics, 
chemistry, metallurgy and engineering. Before a job is 
successfully completed, many important steps must be 
taken: (1) selection of base metals (with consideration 
given to many variables such as strength, ductility, 
corrosion resistance, weldability, effects of heat, etc.), 
(2) design, (3) welding process, (4) filler metal to use and 
(5) welding procedures. These are the know-how steps. 
In a production plant, metallurgists and engineers 
generally supply the informational know-how, while 
the welder or operator provides the manipulative skill. 
This is not the case in maintenance welding. 


MAINTENANCE WELDING REQUIRES MORE 
TALENTS 


In maintenance welding all of these variables are 
given to the welder to solve. In fact, a few complica- 
tions are added. The welder does not have the choice 
of base materials or the choice of the initial design. 
Moreover, the work often is out of “position”? and not 
too clean. Therefore, the maintenance welder, like the 
toolmaker or the cabinetmaker, must have added 
talents in his trade. He must supply the informational 
know-how as well as the manipulative skill, unless he is 
fortunate enough to have a metallurgist or a welding 
engineer to assist him, which is, surely, an exception. 


VARIABLES OF MAINTENANCE WELDING 


What are the steps necessary to complete a job of 
maintenance welding? For simplicity, we might say: 
(1) to identify the metal, (2) to calculate the effect of 
the heat to be applied, (3) to design the joint to be 
repaired as well as design the weld bead (bead design is 
especially important when welding cast iron and high- 
carbon steels where martensitic or hard, brittle zones 
next to the weld can occur, as discussed later on), (4) to 
determine the affinity one metal has for another in 
selecting filler metals and (5) to ascertain the strength 
required of the materials used. The facts gathered 
from this list will determine the welding procedure. 


IDENTITY OF THE BASE METAL 


Too many maintenance jobs fail because the base 


metal is not properly identified. This step takes on 
added importance with the increase in the number of 
base metals. For example, a power-tool housing made 
of magnesium will find its way to the scrap pile, if a 
careless welder incorrectly identified it as aluminum or 
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“pot metal.” Aluminum bronze, upon heating, will 
form a high melting refractory oxide over the surface to 
be welded unless properly handled. Incorrect identifi- 
cation of this alloy will leave the welder wondering why 
it will not melt and will start a welding failure. Exces- 
sive heat on nonstabilized stainless steel (AISI Types 
301, 302, 304, etc.) may be responsible for intergranular 
corrosion on exposure to many corrosive environments. 
Excessive cooling rates on hardenable steels (in the 
higher carbon 0.35% and alloy steels, for example 0.25°, 
€, 1.2%Mn) will cause brittle zones, underbead crack- 
ing, ete. 

Tool salvage has taken on a new importance because 
of new filler metals and better welding procedures. 
The draw temperatures of oil hardening, air hardening, 
water hardening and high-speed steels differ widely. 
To avoid failure we must know the type of material 
with which we are working. These are just a few 
reasons Why it is essential to identify correctly the base 
metals. 

There are a number of ways metals can be identified 
readily with the equipment available in most shops. In 
addition to the appearance of the metal, chip, spark and 
torch tests have been useful. For example, the torch 
can be used on aluminum, magnesium and “pot metal.” 
Aluminum and magnesium are good conductors and 
have similar melting points. Pot metal is a poor con- 
ductor with a much lower melting point. An oxidizing 
flame held close to the edge of pot metal will cause it to 
melt quickly, whereas aluminum and magnesium are 
not so affected. Filings of magnesium will burn under 
the torch, whereas aluminum and pot metal will not. 
Knowing something about each metal will help to 
identify it. Charts giving information on spark and 
chip tests are available to help identify the ferrous base 
metals. 

Often information can be obtained from the main 
office where the purchasing is done. If not there, then 
the supplier or the manufacturer, if needed, can identify 
the metal. In lieu of more accurate methods, such as 
spot tests, etc., reasonably good results can be attained 
in this manner. 


EFFECT OF HEAT 


The role of heat on the metallurgical variables is 
extremely important. The welder should give careful 
consideration to the amount of heat, temperature and 
rate of change of heat and/or temperature. Greater 
conductivity of the base plate, higher heat input, slower 
rate of electrode travel, still air and preheating are a few 
of the factors which tend to increase the width of the 
heat-affected zone in the base metal alongside the weld. 
Within this zone a great many of the problems are 
created. 

Obviously the welding procedure depends greatly on 
the effects of heat. Hardenable steels heated into their 
critical range and cooled faster than their critical cooling 
rates, tend to form a brittle martensitic zone adjacent 
If the repair weld is made under severe 


to the weld. 
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restraint, the normal procedure would be to peen the 
weld to relieve part of the high stresses. Peening 
against a brittle shell, as is the case here, can cause 
cracking. Preheating to a suitable temperature to 
retard the cooling rate is the best answer. If preheating 
‘annot be done, peening should be delayed until the 
second pass. Here again great care must be taken. 
The second pass must be large enough so that the heat 
from it will be high enough to temper the brittle 
martensite which resulted from the first pass, but not 
too large to create a new martensitic zone of its own. 

The undesirable effects of heat can be listed as: (1) 
distortion, (2) locked-up stresses, (3) thermal cracks, 
(4) porosity, (5) excessive grain growth and (6) harden- 
ing cracks. 

Many fine articles are available on the effects of heat 
in welding. In general, it is advisable to use the mini- 
mum amount of heat input in keeping with good bead 
design, at the fastest rate of heat input with controlled 
cooling rates (either fast or slow). 


MAINTENANCE DESIGN 


Any factor which produces a localized area of high 
stress is called a “stress raiser.””. Abrupt changes in 
section design, notches, grooves, screw threads, surface 
irregularities and discontinuities, such as cracks, holes or 
inclusions are considered stress raisers. Design in this 
discussion is confined mainly to these stress raisers be- 
cause of their importance in maintenance welding. 

Shape of the welding bead itself has a considerable 
influence on the results, especially on cast-iron and the 
hardenable alloy steels. 


A ay 


Figure 2 


Figure 2 represents a side view of a bead made by 
are welding. This bead has the characteristic cold 
start which is illustrated by its initially high narrow and 
convex shape, gradually flattening out as the bead pro- 
gresses and heat is built into the local area. Figure 3 
is the same bead from another angle. The arrows point 
to the vulnerable spot created by stress raisers. If 
this bead had been deposited on cast iron (and too many 
of them are) Stress Raiser B (Fig. 2) would have been 
an excellent place for a crack to start. Craters are 
often the source of cracks, because the crater solidifies 
from the sides toward the center. In general, cracking 
in cast iron is caused by uneven heating and cooling, 
usually aggravated by thick and thin sections. 
Strength of a weld also depends upon its cross-sectional 
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Figure 3 


area. In case of Figs. 2 and 3 (Stress Raiser B), we 
have a bead where the crater on the end has reduced the 
cross-sectional area and has encouraged this spot to cool 
at a faster rate than the heavier section. This condi- 
tion usually results in a starter crack and the creation of 
a severe stress raiser. 


Figure 4 


Figure 4 shows a reasonable solution when welding 
on cast iron and an entirely machinable weld is desired. 
The shaded area is a “striker plate’ of mild steel to 
start the are. The bead is started on the striker plate 
and then continued on to the cast iron. The are is 
directed upon the weld deposit at all times to prevent 
dilution and the formation of hard spots. When the 
desired length of the bead has been deposited, the welder 
should reverse the direction of travel for a short dis- 
tance. This procedure will fill up the crater on the end 
and leave the would-be crater on top and back along 
the bead. (On technical work the are should not be 
raised off the bead in the usual manner, but should be 
snuffed out by dragging it back along the bead. This 
procedure will prevent overheating at the end which is 
the vulnerable part of the bead, as is the case when the 
are length is widened.) 

Hard spots and potential stress raisers can be made 
by the welder without doing any actual welding or leav- 
ing any weld deposit. For example, to inadvertently 
strike an are even with the electrode holder will raise 
the temperature sufficiently high at the point of con- 
tact to make a hard spot on cast-iron and hardenable 
steels. It is imperative therefore that the surface be 
protected from accidental contact with the are when 
machinability is desired. 
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The old axiom that warpage indicates an absence of 
stress is no longer widely accepted; however, authori- 
ties agree that by good design and proper welding pro- 
cedure both may be kept to a minimum. 

Distortion and shrinkage stresses would be non- 
existent if the metals we weld had a zero coefficient of 
expansion. Actually, every metal expands when 
heated and contracts when cooled. The amount of 
expansion is in direct proportion to the amount of heat 
and the coefficient of expansion for the metal being 
heated. Ina weld and the area influenced by it, we have 
many var ations and different degrees of heat, starting 
from the center of the weld, which may be considered 
the area having the highest heat, and progressing into 
the base metal to the point where no heat is encountered. 
The width of this zone, i.e., the distance the heat pro- 
gresses into the base metal, depends on the rate of 
heating, maximum temperature, length of time held at 
maximum temperature, mass or size of the piece being 
welded, ete. These are important factors influencing 
warpage and stress. 

Strangely enough, one of the most useful properties of 
iron is a major cause for stresses. Iron, unlike copper, 
lead, nickel, etc., has what is known as critical points. 
That is, iron expands evenly upon heating up to about 
1670° F. At this point the crystals or grains or the 
small particles that go to make up the metal undergo a 
complete change. That is, they change shape. This 
new crystal requires less volume or less space than the 
old crystal; therefore, at this so-called transformation 
temperature the iron actually contracts. As soon as 
this new crystal arrangement has been completed, the 
metal will proceed to expand with the addition of more 
heat, only now at a faster rate than before the change. 
On cooling, metals behave fundamentally the same as 
they did when heated except that they shrink in place of 
expanding. 

A moment’s reflection on this squeezing, pushing and 
pulling within the weld and the weld area because of its 
different degrees of heat, expansion and critical points, 
helps somewhat to explain the stresses and warpage 
that may be encountered. 

Metals on cooling, shrink in all three directions. 
When welding a heavy section that is restrained from 
moving, the most undesirable condition exists since 
shrinkage is seriously retarded in all three directions. 
This condition produces what is known as multiaxial 
stresses. Under multiaxial stresses the weld metal 
exhibits extreme brittleness. 

Shrinkage perpendicular to a butt weld depends 
primarily upon the cross section of the weld. The 
thicker the cross section the greater is the shrinkage 
which can very approximately be taken to be '/, in. per 
square inch of weld cross section. Accordingly the 
shrinkage perpendicular to the weld will increase with 
the increase in thickness for a given joint. 

Shrinkage parallel to a butt weld is generally believed 
to be a fixed percentage of the length of the bead. 
Angular distortion is created when the contracting 
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metal is shorter at the root than at the face of each 
weld. 

Shrinkage, or drawing action, results in stresses in 
the weldment. The stress parallel to the joint is 
usually the greatest, but all the stresses are dependent 
on the thickness of the plate and degree of restraint. 
Such stresses are called residual stresses. 

The maintenance welder is forever faced with solving 
welds where normal shrinkage is prevented in all three 
directions, giving multiaxial stresses. 

Connecting a heavy-walled pipe between two rigid 
tanks is an example of severe restraint that may be en- 
countered in the Petroleum Industry. Welding a 
locomotive frame would be another. Forcing the 
sections to be welded apart by means of wedges or jacks 
and welding in “compression,” along with a lowered 
heat input, is helpful when this type of a situation is 


encountered. 


Figure 5 


Figure 5 depicts a typical crack in a heavy section. 
The dotted line outlines a normal chamfered “V” 


groove. 


Figure 6 


Figure 6 shows the groove prepared with Chamfer- 
Trode. 

Cracks very seldom occur in a convenient 90-deg 
angle as is shown in Fig. 5. Therefore, large pieces 
(Fig. 6) sometimes fall out, making it necessary to 
deposit an extra large amount of weld metal which 
results in excessive shrinkage. If this crack were in the 
middle of a heavy section, multiaxial stresses would 
result. Under these conditions it is highly desirable to 
keep to a minimum the amount of heat input and the 
quantity of weld metal deposited after the sections are 
tied together. 

Welding from both sides is preferred especially where 
angular distortion is of concern. If welding from one 
side is required, then the sides should be buttered or 
padded, and the vacant spots filled in, leaving the root 
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opening as small as possible before the root bead, tying 
the two sides together, is deposited (Fig. 7). The root 
bead, joining the two sections, should be deposited with 
considerable care, and should be large enough to prevent 
cracking caused by its own shrinkage stresses. 

It is often desirable in a multilayer weld to eliminate 
the coarse grain structure in the weld metal as well as in 
the base metal. The size of the bead has a direct bear- 
ing on the grain size of both. The smaller the initial 
bead, the smaller, generally, the grain size. In most 
steels the grain size may be further reduced by reheat- 
ing the steel to above the critical temperature and sub- 
sequent cooling. 

Please note that the buttered layers extend over all 
the edges (Fig. 7). This, of course, increases the 
“holding area” of the weld deposit. If machining is 
required for the finished job, the top layer of weld, 
which is the most highly stressed area will be removed. 


Figure 7 


Buttering a heavy section with parallel grooves along 
the face of the weld zone has been effective in cast iron 
and hardenable steels. These grooves should be about 
an inch apart and extend about '/, in. into the parent 
metal surface. ChamferTrode, grinding or chipping 
may be used in making these grooves (Fig. 8). 


Figure 8 


The parallel grooves increase the bonding area and 
also change the weak and vulnerable zone next to the 
weld from a straight line to an irregular one. This 
“redesign” of the weak area is highly beneficial. On the 
same type of base metals, where thin sections are to be 
welded to thick sections, buttering often has helped to 
prevent cracking (Fig. 9). 


Figure 9 


217 


4 

4 

4 

x 

4 

a 
2 


Figure 11 


Figures 10 and 11 illustrate another example of 
“redesigning” away from the vulnerable zone. This 
type of a joint is especially good when repairing a break 
that might occur on a piece of hardenable steel like a 
spring leaf. Figure 10 is the top view of the spring 
leaf, showing the double “V” chamfer. Figure 11 is a 
side view, showing the edge bead run on top and 
perpendicular to the initial beads. This edge bead 
prevents any notching that might have been caused by 
the first weld (Fig. 10). It also strengthens or neutral- 
izes the heat-affected zone adjacent to the initial weld. 
Any new stresses or brittle zones created by the edge 
bead seem to be smaller and more conveniently located. 

It has always been a problem to produce uniform 
heating from the outside to the inside of a heavy section 
with ordinary shop equipment (for example, in a 2-in. 
shaft). It might be well to note that the bonding 
temperature, or the amount of heat necessary to make a 
bond, depends a great deal on the amount of exposed 
area. A flat surface requires the least amount of heat 
and a square-butt joint or lap joint requires the most. 

The difference in temperature in a piece of metal is 
called temperature gradient. Temperature gradient 
properties change with each metal and are important 
when choosing weld design and the type of filler metal 
to use. 

Filler metals will make a bond over a range of tempera- 
tures. The width of this temperature range can be 
called its bonding range. 

On a square-butt or lap joint where the temperature 
gradient may be excessively wide, such as in a heavy 
section or a long lap, and a lower melting alloy is desired 
to flow into the joint, two factors can cause failure: (1) 
either the bonding range of the filler metal will not 
match that of the temperature gradient of the base 
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metal, and the filler metal will ‘‘buru up” on the outside 
or fail to flow on the inside, or (2) the heat will be suffi- 
ciently high to damage the outside portion of the base 
metal. 

New filler metals with a wide bonding range are 
manufactured to meet special applications where tight 
fitting joints are desired. 

Lap joints are extremely desirable for their great 
strength in many cases. Therefore, shop and mainte- 
nance design should consider carefully each factor. 

Considering the lower melting alloys, as bronze or 
silver bearing alloys, square-butt joints are satisfactory 
on many of the smaller sections, especially where the 
applied stress is in torque (twist). In heavier sections, 
however, where vibration or shock is encountered, the 
design as shown in Fig. 12 has proved very satisfactory. 


Figure 12 


This type of joint reduces the cross-sectional end area of 
the piece being welded which allows for more uniform 
heat and therefore, a lower bonding temperature. 
Some authorities feel that this larger area at the face 
of the weld assists the weld metal in redistributing shock 
which prevents the stresses from concentrating, as may 
be the case in a square-butt joint where a thin layer of 
filler metal is used. 


Figure 13 


Figures 13 and 14 illustrate a weld on an alloy steel! 
with a brittle “next to the weld” martensitic zone. If 
the stress is applied perpendicular to the weld (Fig. 13), 
the weld metal and base metal will perform very 
similarly. Should the stress be applied parallel to the 
weld (Fig. 14) the conditions are entirely different. At 
a small elongation the martensitic zone will rupture 
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Figure 14 


(erack). Once the crack appears, it acts as a notch with 
accompanying multiaxial stresses. Under these con- 
ditions the fracture may spread rapidly through the 
entire section. 

Preheating, postheating, bet ween-pass peening, weld- 
ing in “compression,” and using a back-step method of 
welding are procedures with which to minimize residual 
stresses. Properly arranging the actual joint to most 
favorably withstand the stresses that will be applied to- 
gether with the correct procedure will give an improved 
maintenance design that will benefit every one. 

AFFINITY OF ONE METAL FOR ANOTHER 

Especially in maintenance welding is the old axiom 
disregarded that “the weld metal shall be of the same 
composition as the parent metal.” Differences in com- 
position of weld metal and base metal may beneficially 
affect the cracking tendency, mechanical properties and 
corrosion resistance. Of course, there are exceptions to 
every rule. For example, accelerated attack may re- 
sult from galvanic corrosion between two dissimilar 
metals or alloys. 

The selection of a filler metal with the proper affinity 
is important. Brazing stainless and _heat-resisting 
steels with alloys containing high percentages of copper 
and zine is not recommended since reduced ductility and 
cracking may result from the penetration of copper into 
the high-alloy steel, particularly along the grain bound- 
aries, 

Whereas austenitic stainless steel electrodes make 
excellent bonds on manganese and high-carbon steels, 
they are not suitable for cast iron. High manganese 
and austenitic stainless steels have similar grain struc- 
tures and, therefore, respond to similar heat treatments. 
Austenitic (Cr-Ni) electrodes give a minimum of 
objectionable base metal “pickup” and a maximum 
bond strength on high-carbon and high-alloy steels. 
By varying the position of the welding rod it is possible 
to control its fusion, and hence, vary the amount of 
chromium and nickel fused with the carbon steel. The 
more closely the rod approaches the perpendicular the 
smaller will be the weld puddle. Cast-iron and 
austenitic (Cr-Ni) stainless steels are not readily joined 
because of the relatively high coefficient of expansion 
(over 50% greater) of the stainless steel compared to 
that of cast iron. 

Steel base core wire electrodes are particularly 
practical on difficult-to-weld cast irons which have been 
covered by heavy deposits of free graphite or grease 
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and oil. The graphite prevents “wetting” by the weld 
metal. 

In general, the depth of penetration increases with 
the melting point of the electrode, hence one may hold 
back in attempting a weld with a steel core wire electrode 
(melting point 2750°F) on cast iron (melting point 
2200°F) for fear of deep penetration and consequent 
cracking. However, special steel core wire electrodes 
are now available which weld with a minimum amount 
of base metal pickup and have the ability to absorb 
most of these undesirable foreign materials and make a 
satisfactory bond. The resulting welds are not machin- 
able and have a higher tendency to crack than those 
made with high-nickel filler alloys. However, by using 
both electrodes as a combination, one at the bond, the 
other to provide a ductile joint, excellent results have 
been obtained. 


STRENGTH OF MATERIALS 


The yield point of the weld deposit, “contact angle”’ 
of the bead (i.e., the ability to wet out) and joint design 
are important factors which influence the strength of the 
joint. Strange as it may seem, strength in maintenance 
welding depends a great deal on the “wetting out” 
ability of the filler material to give the proper “contact 
angle.”” It should be remembered that proper alloying 
and fluxing of the filler rods play major roles in the 
deposition of satisfactory welds regardless of whether 
they are applied by arc, torch, inert arc, soldering iron, 
or furnace. This proper “chemistry” between base 
metal and filler rod is becoming more and more the im- 
portant factor as more specialized base metals are in- 
troduced 

Under a powerful magnifying glass, the surface of a 
metal will appear very irregular, with high and low spots 
somewhat like the teeth of asaw. Alloys and fluxes that 
are carefully formulated to completely wet the low as 
well as the high spots will have a much greater holding 
area than materials with less ability. Therefore, the 
ability of an alloy to become intimate with the low as 
well as the high areas will greatly determine the 
strength of the bond. The maximum bonding strength 
of solder for example is greatly influenced by alloying 
and fluxing. A maximum bond properly designed will 
produce the ultimate strength of the weakest material 
involved with the weld. 


WELDERS CAN IMPROVE WITH STEP-BY- 
STEP ANALYSIS 


Although much more could be written, it is hoped 
that this short discussion of some of the variables of 
maintenance welding will encourage the welder to 
broaden his views and think in terms of a step-by-step 
analysis of his job. 


OVERLAYING A CATALYTIC CRACKING UNIT 
STANDPIPE 


A few typical examples of maintenance welding in the 


219 


j 
| 


Petroleum Industry are given in the following photo- 
graphs. 


Figure 17 Figure 20 
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Figures 15 to 18 are of a line section from a large 
western oil refiner’s fluid catalytic cracking unit after 
310 days of operation. During this period the inside 
surface of this spent catalytic standpipe was contin- 
uously exposed to an atmosphere of hydrocarbon gases, 
steam and free-falling catalyst dust. The temperature 
of the material in the line was maintained between 900 
and 940° F and the pressure in the line averaged 25 psig. 

The most severe abuse to the inside surface of the 
line probably resulted from the continuous flow of finely 
divided catalyst dust down the line. The average flow 
rate of this dust was 14 tons per minute; consequently 


over six million tons of catalyst dust flowed past this 
line section. This finely divided dust consisted of a 
mixture of 50°, ground natural silica-alumina fluid 


cracking catalyst. 


Figures 15 and 16 show the erosion caused by the 
catalyst flow through the standpipe. The high area 
at the top center of Fig. 15, which shows less erosion 
than other nearby areas, was hard faced before the 
exposure period. The strip of hard facing at the 
bottom center of Fig. 15 was put on the line wall after 
the exposure period. Figure 16 is an enlargement of 
the eroded area at the extreme left-hand side of Fig. 15. 

It is evident that the hard facing significantly pro- 
tected the line wall from severe erosion. 

On the basis of the performance of the welding rod 


used in this service, it was decided to use the same alloy 


for hard facing a larger portion of the eroded areas in 
this line section. Figures 17 and 18 show the spent 
catalyst standpipe section after the eroded areas had 


Figure 22 


Figure 22 shows a Hughes rock bit used in oil drilling. 
The rock bit is kept in serviceable condition by regular 
hard facing. 

Figure 23 illustrates another type of rock drill in 
which carbide inserts have been welded with a special 
BCuZn-7 brazing-type alloy. 


been built up and hard faced. 
The line section was put in service after repairing it 
as shown in Figs. 17 and 18. After a reasonable time, 


inspection showed the ripples still on the bead, i.e., 


results were excellent. 

No special technique of welding was used because of 
the nature of the weld. 

Figures 19 and 20 illustrate the importance of main- 


tenance welding in the repair of a cast-iron engine frame 


used in a refinery installation of a major oil company. 


Figures 21 illustrates repair welding of a cast-iron 
flywheel pulley for a mud pump. 


Figure 21 Figure 23 
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Figure 24 


Considerable maintenance welding is also done on 
fishtail bits, as shown in Fig. 24. This type of bit drill 
is faster than the rockbit drills illustrated above. Thus, 
these bits are used until the formation becomes very 


hard. 


CONCLUSION 


Maintenance welding requires more talents. The 
welder and his superiors must recognize this fact so that 
the welder will be desirous of and given the opportunity 
to prepare himself with informational know-how. 
Schools devoted to the teaching of this most important 
function of welding are becoming increasingly more 
available as well as capable. 

Step-by-step analysis of each job is the systematic 
and only method for rapidly raising the level of main- 
tenance welding. (1) Metals must be properly identi- 
fied. (2) The least amount of heat possible should be 
used in making the weld. (3) Careful design of the 
bead and joint to prevent unnecessary stresses is very 
important. (4) Choice of the filler metal and the weld- 
ing process must be carefully made. (5) Proper 
materials and joint strength will successfully complete 
our job of welding. 

Procedures must follow the scientific laws that govern 
these variables. When we begin to follow them, we are 
on our way to better maintenance welding. 
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Testing Structures 


® The development and economic factors of inspecting 
welded structures with magnetic particle and penetrant 


inspection and the value of this program as a means 


by Lloyd J. Ove 


HE success of a manufacturing process generally 

depends on two things. First, it must be applied 

only where it can dependably produce results of 

true economic worth or similar gain. Second, it 
must be properly applied so that it may demonstrate 
this ability. Whether it be welding or nondestructive 
testing, these basic factors remain the same. 

It is the purpose of the writer to briefly summarize 
where and how nondestructive testing has been applied 
to welding in the past with respect to these two points; 
and also to suggest where it might serve more exten- 
sively in the future of greater welding progress. How- 
ever, before we get into the actual results of this work it 
seems advisable to outline the scope of our discussion, 
the economic factors involved, and the basic fundamen- 
tals of the inspection methods used. 

Past experience in many industries has revealed that 
the need for nondestructive testing as a “control’’ over 
quality is completely overshadowed by its need to main- 
tain control of material, processes and costs. It is in 
this light that this paper is presented. 


SCOPE 


From old fashioned “oil and whiting’? to modern 
‘ultrasonic,’’ the nondestructive testing methods avail- 
able cover a wide range as to type and number. Though 
these various methods overlap in a few areas, each has 
its own peculiar advantages for specific applications. 
Competition between methods should not, and actually 
does not, exist when they are selected by personnel 
properly trained in the selection and use of these meth- 
ods. 


Lloyd J. Oye is Assistant Sales Manager of the Magnaflux Corp., Chicago, 
Ill. 


Presented at the Thirty-Fourth National Fall Meeting, AWS, held in Cleve- 
land, Ohio, week of Oct. 19-23, 1953. 
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of encouraging greater use of welded structures 


Generally, nondestructive testing methods can be 

divided into two basic groups: 

Group no. | includes magnetic particle inspection, pen- 
etrant inspection, electronic sensing devices, etc., for 
surface and near-surface discontinuities. 

Group No. 2 includes X-ray, gammy ray, ultrasonics, 
etc., for deep-seated subsurface discontinuities. 


This discussion will be limited to the magnetic par- 
ticle and penetrant inspection methods of the first 
group which by nature are best suited for the type of 
inspection work to be discussed. Due to favorable 
economic factors, they have also found the most ex- 
tensive use throughout American industry. 

The application of these two methods for the inspec- 
tion of pressure vessels and piping has been covered on 
several occasions. In fact, the preceding paper* was 
primarily concerned with this application. Therefore, 
it is intended that this discussion be limited to welds of a 
structural or a nonpressure nature. 


ECONOMIC FACTORS 


First let’s consider the “whether’’ and “when’’ of 
applying a nondestructive test. The use of any method 
requires that one first view the economic factors in- 
volved with a very critical eye. No process can be sup- 
ported very long in a manufacturing practice unless it 
either reduces costs or increases value lo the point of paying 


for itself with a fair return to the manufacturer. Non- 


destructive testing is no exception to this rule. It is 
when nondestructive testing is applied merely as a 
means of controlling the final quality—-resulting in extra 
cost—that it falls into disfavor. Nondestructive 
testing should be applied at certain key places in pro- 
duction as a “‘monitor’’ system to sense conditions as 
they really exist at any given time. As an example, 
nondestructive testing can signal ‘“‘trouble ahead’”’ on 
faulty material and thus save wasted processing costs 
which you would otherwise enter on the “serap’’ side 


* W. B. Bunn and Lew Gilbert, ‘‘Inspection Techniques for Quality Weld- 
ing’’ THe WeLDING JoURNAL, 32 (7), 614-619. 
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APPROACH TO PERFECTION 
© HARPER BROS <> INDUSTRIAL INSPECTION METHODS 


by Zeno C Michelon 


Fig. 1 The economics of producing any product, as 
quality increases cost increases until profit is reduced toa 
loss 


of the ledger. As an example, $10 spent processing a 
gear from a forged blank worth $1.00 is only regained if 
we can sell the finished product. If the blank has a 
defect which will render the gear useless, it is to our 
advantage to find it before spending the $10 on process- 
ing. 

Likewise, nondestructive testing allows the manufac- 
turer to “listen in’’ on processing to detect the cause and 
quickly determine the cure for work that is headed for 
the salvage or the scrap pile when processes are out of 
control. The degree to which this is carried out is en- 
tirely dependent on the material being worked, the 
processes involved, and the “end cost versus value” 
balance within any desired quality level. 

Leno C. Michelon in his book “Industrial Inspection 
Methods” graphically illustrates in Fig. 1 the matter of 
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Figure 3 


cost versus value as affected by the quality level main- 
tained. The ideal tolerance nets greatest value for a 
given cost. 

As an example, it might be possible to manufacture 
an automobile that would run for 50 years without fail- 
ure in any respect. However, the cost of such a high 
quality product would exceed its real value. 

Unfortunately, nondestructive testing is at times 
applied in a fashion very unfavorable to itself from this 
economic point of view. If nondestructive testing is 
applied on a finished product, we often find that de- 
signers’ tolerance plus is followed. This is particularly 
true when it is applied to meet a specification require- 
ment. Figure 2 illustrates what can happen when this 
is done. Often the results are high rejects, rework, 
and scrap which will throw the economic picture of 
“cost versus value” entirely out of balance. 
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Fortunately, most weldments allow considerable op- 
portunity for rework and salvage. This allows fair 
maintenance of product value but it forces costs out 
of control as illustrated in Fig. 3. 

Nondestructive testing should be a planned program 
applied at progressive stages of production. If an 
ideal tolerance is then used, the result will be a balanced 
“cost versus value’’ picture as in Fig. 4, and a quality 
product that is wholly acceptable to the customer. 

Specific examples will be given in this paper where 
material, process and quality control are the result of 
planned nondestructive testing in production or erec- 
tion. 


METHODS 


We have considered ‘whether’ and ‘when’’ inspec- 
tion should be used: now let's consider a few points on 
“how.” 

The basic principles of magnetic particle inspection 
are already well defined on pages 957 through 968 of 
the Weipinc Hanpspook (Third Edition). Recom- 
mendations for most effective and efficient use are also 
given. Therefore, a very brief statement as to its na- 
ture and a coded chart of techniques as shown in Fig. 
5 seem to be ample for this discussion. 

Magnetic particle inspection depends on simple mag- 
netic and electrical principles. By use of high-amper- 
age, low-voltage current, a magnetic field is set up in 
the desired direction in the part or area to be inspected. 
A discontinuity, either at or near the surface, acts as an 
obstruction in the path of these magnetic lines of force 
and causes external leakage or localized magnetic po- 
larity immediately over the discontinuity. The leak- 
age field will attract finely divided magnetic particles 
when applied either in dry powder or wet bath form in 
much the same way that a nail or pin is drawn to the 
poles of a horseshoe magnetic. The pattern of parti- 
cles formed at the defect then outlines its area and ex- 
tent right on the part itself. 

The type of application and the sensitivity required 
should govern the selection of the proper technique 
when using this method of inspection. The various 
techniques are also described in the WeLpInG HaNnp- 
BOOK and a suggested code system that might be used 
for specification purposes is illustrated in chart form in 
Fig. 5. 

Specifications that simply call for magnetic particle 
inspection (or “Magnaflux’”’ as it is frequently referred 
to) are as difficult to follow as a specification stating 
“weld and heat treat’’ without the areas outlined, tech- 
niques stated and the limits specified. 

Variations in magnetic particle inspection techniques 
and amperage value offer an excellent means of control- 
ling the sensitivity desired. As an example, a localized 
field set up with prods, using half-wave, rectified cur- 
rent, continuous, with dry powder and 800 to 1000 amp 
offers maximum sensitivity for detecting subsurface 
and surface defects in heavy weldments and castings. 
This technique could be called out (A-1, B-1, C-1, D-1, 
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EXAMPLE LOCALIZED FIELD, PRODS, HALF-WAVE RECTIFIED CURRENT, 
CONTINUOUS, CUNTIMED), ORY POWDER, (GAREY), WOULD APPEAR 
BI. THIS METHOD FOR CODING 
TECHNIQUES SHOULD BE WELPFUL IN SPECIFICATIONS. 


Fig. 5 A suggested code system for specific magnetic 
particle test technique, which might be used for specifica- 
tion purposes 


E-1.1, 800 amp and 8-in. prod space) using the above 
chart or code system. 

As another example, the aircraft welded subassembly 
manufacturer may call for (A-2, A-3, B-2, B-3, C-2, D-2, 
E-2.2, 900 amp per inch OD). This technique would 
afford the necessary sensitivity on relatively thin-walled 
sections and be most practical from an operating stand- 
point. 

Available equipment for this method varies greatly as 
to type, and they are too numerous to mention here. 
However, for our discussion they can be divided into 
four major categories. 

The first group consists of automatic and conveyor- 
ized units capable of processing as much as 2000 or more 
pieces per hour. These are used_for the inspection of 
medium and small size forgings, castings, machined 
parts and some small welded subassemblies. While 
the particular type of unit is not common in the field 
of welding, the use of automatic inspection equipment 


Fig. 6 Standard wet horizontal type Magnaflux equip- 
ment for inspection of welded sub-assemblies, forgings, 
small castings and machined parts 
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for welded pipe and tubing with scanning devices is 
rapidly becoming common practice. Examples of these 
applications will be illustrated later. 

In the second group are standard horizontal units 
(wet method), as illustrated in Fig. 6. These are used 
for the inspection of relatively small welded subassem- 
blies for machinery and aircraft. 


Fig. 7 Heavy duty portable Magnaflux equipment with 
double prods for weld inspection 


The unit most often used for weld inspection is the 
heavy-duty type portable equipment as illustrated in 
Fig. 7. This unit provides both high-amperage, low- 
voltage half-wave rectified current; and alternating 
current. The dual magnetizing current feature is of 
considerable importance for the inspection of ‘fillet 
welds with open-root faces. Direct current will at 
times create irrelevant indications over open-root faces. 
Alternating current eliminates this problem and _ pro- 
vides better inspection for surface discontinuities. 

Light-duty equipment as illustrated in Fig. 8 is be- 
coming quite popular due to its portability, very low 
cost, and ability to operate from 110-v current. This 
is very useful for many light jobs but a danger lies in the 


fact that its capacity is very definitely limited because of a 


lower amperage output. A unit of this type can easily 
lead to the abuse of the method when in the hands of inex- 
perienced users. 

Magnetic particle inspection is, of course, limited to 
the inspection of magnetic materials. Therefore, the 
inspection of such material as stainless steel, aluminum, 
ete., is accomplished by an entirely different means; 
namely, penetrant inspection. 


PENETRANT INSPECTION 


Fluorescent penetrant inspection is also well covered 
in the WeLpInc HaNnpDBook on pages 698 through 970. 
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Fig.8 Portable Magnaflux equipment used for light welds 
and maintenance inspection 


Visible dye penetrants are not included in the Third 
Edition and probably should be in later issues. 

In principle, both fluorescent and visible penetrants 
are somewhat similar except in the way that indications 
are revealed. Fluorescent penetrant reveals an easy-to- 
see glowing indication of discontinuities when viewed 
under “black light.’’ Visible penetrant depends on a 
red dye to outline discontinuities in contrast to the sur- 
face of the area inspected. 

Basically, penetrant inspection has five simple steps: 
First, apply penetrant to surface and allow enough time 
for it to enter surface discontinuities. Second, remove 
excess penetrant from the surface. Third, dry; and 
fourth, apply developing powder to draw penetrant out 
of discontinuities to surface. The fifth step, inspection, 
is then carried out either under white light for visible 
penetrant indications, or “black light’’ when fluorescent 
penetrant is used. 

There are some variations requiring that the drying 
and developing steps be in reverse order depending 
upon whether wet or dry developer is used. 


Fig. 9 Conveyorized Zyglo equipment used for *‘low cost 
per piece” production inspection 
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Figure 9 illustrates a type of equipment used for fluor- 
escent penetrant inspection. The fluorescent penetrant 
method is primarily a production method and equip- 
ment is designed to process parts with a minimum of 


handling in order to give “lowest cost per piece in- 


spected.”’ 
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Fig. 10 The Magnaflux dye penetrant inspection kit 
with pressurized containers for Spotchecks penetrant, 
cleaner and developer 


Figure 10 illustrates a visible penetrant inspection kit. 


The greatest advantages of visible penetrant are low 


cost of initial purchase and portability. These factors 


encourage its use for spot checking parts in remote areas 
or where other methods are not readily available. 
Cost of material and other processing limitations, how- 
ever, make it less desirable for production. 

Both penetrant inspection methods are used for leak 
detection as illustrated in Figs. 25 and 26. 


COMPARISON OF METHODS 


Due to its nature, penetrant inspection is definitely 


limited to locating discontinuities that have openings to 


the surface. Therefore, magnetic particle inspection, 
which is not subject to this limitation, is preferable on 
magnetic materials. In addition, cleaning before in- 
spection is considerably more critical when using pene- 
trants than it is with magnetic particle inspection. 

So far we have discussed the theory of “whether,” 


“when’’ and “how’’ for two methods of nondestructive 


testing. An investigation of results in the field is both 


interesting and informative. The cases reported here 


were selected to present a wide scope of applications 
with special emphasis on welded building structures. 
It is interesting to note that throughout these case his- 
tories, nondestructive testing generally ends up playing 
a very important role in material and process control as 


the result of circumstances more often than by plan. 


WELDED BUILDING STRUCTURES 


In 1946 the California State Division of Architecture 
decided that they would consider welding in place of 
riveting for the large school building project they had 


planned for a five- or six-year period which was to 
peak about 1953. D. C. Willett, Chief Construction 
Engineer, and others of that department consulted 
many building and welding specialists and determined 
that welding would have many decided advantages for 
them. Although the buildings planned were simple, 
single and double story auditorium type structures, the 
Department was still concerned about controlling weld 
quality because of the earthquake resistance that must 
be provided for in California buildings. To overcome 
this obstacle, the Department decided that if an eco- 
nomical means of nondestructive testing could be de- 
veloped to help assure them of quality welds, they 
would be ready to accept welding. Various methods 
were investigated, field trials run, and after some time 
magnetic particle and radiography requirements (con- 
tractor’s option) were written into the California Public 
Works Code, Section 846 through 854. I quote Section 
848: 

“(d) All welds supporting gravity loads and 
stressed from sixty-one (61) per cent to one hundred 
(100) per cent of the allowable stresses shall be inspected 
by the ‘Magnaflux’ method or other approved positive 
means of inspection; or ten (10) per cent of these welds 
as selected by the welding inspector and the structural 
engineering shall be inspected by the ‘Gamma-Ray’ 
method. All welds shall be so inspected if defective 
welds are found. 

“(e) Unless specifically waived by the Division of 
Architecture, ten (10) per cent of the welds supporting 
gravity loads and stressed sixty (60) per cent or less of 
the allowable stresses and ten (10) per cent of the welds 
not supporting gravity loads as selected by the welding 
inspector and structural engineer, shall be inspected by 
the Magnaflux or Gamma Ray methods or other ap- 
proved positive means of inspection. All welds shall be 
so inspected if defective welds are found. 

“(f) The following inspection requirements may be 
used in lieu of the requirements of paragraphs (d) and 
(e): 

“Unless specifically exempt in the General Notes on 
the drawings, all welding shall be done under the sup- 
ervision of a recognized testing laboratory by a quali- 
fied inspection approved by the Division of Archi- 
tecture, who shall furnish the Architect, Structural 
Engineer, and the Division of Architecture with a 
report on forms supplied, duly verified by both the 
inspector and the responsible agent of the labora- 
tory, that the welding is adequate and has been done 
in conformity with the plans and specifications and 
that the laboratory has used every means necessary 
to determine the quality of the weld. The testing lab- 
oratory may use Gamma Ray, Magnaflux, trepan- 
ning, or any other aid to visual inspection which it 
may deem necessary to assure itself of the adequacy 
of the welding.”’ 

This requirement was met with some vigorous resist- 
ance at the time it was first introduced. The resist- 
ance is understandable and, in fact, is to be expected 
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whenever nondestructive testing requirements are 
placed on an industry that has not had an opportunity to 
evaluate it as a cost-saving process control tool. Re- 
jections that require rework were quite high on the 
first jobs and this tended to kindle the fire of objection 
even more. However, experience is a great teacher and 
it’s very interesting now to take a backward look over 
those years. 

The following is a very brief report on the magnetic 
particle inspection done on 100 different but typical 
jobs over a five-year period from 1948 through 1952. 

On these 100 jobs 1326 welded assemblies were in- 
spected with magnetic particle inspection. These 
assemblies varied from complicated trusses with 85 or 
more individual fillet welds to single, knee-joint steel 
beams with three or more V butt welds. To calculate 
this in terms of number of welds or thousands of linear 
feet of welding would be next to impossible so we shall 
refer to them as assemblies in this discussion. 

Out of the 1326 assemblies inspected over a period of 
five years, 27.8°¢ were found to have defects that neces- 
sitated repair welding. Approximately 184 assemblies 
were found to have one or more discontinuities larger 
than 1 in. long and ', in. deep. In one very unusual 
case, out of 400 lin ft of welding, 100 lin ft of cracks were 
detected on welds that had already been passed by vis- 
ual inspection. In another case, all 70 fillet welds on 
four assemblies were found to have defects 1 in. or 
longer that required rework. In numerous cases, de- 
fects 2, 3 and up to 6 in. were found. In some cases 
this reduced the weld by a considerable percentage of its 
original intended dimensions. The defects found in the 
remaining 184 assemblies were all 1 in. or shorter and 
no doubt some of these could have been passed. It 
should be pointed out that these 100 different jobs were 
done on welds made by 30 different fabricators, and 
that on 27 jobs no defects were found. 


Fig. 11 Single story welded structure inspected by 
Magnaflux 


Figure 11 illustrates one type of single-story welded 
structure inspected in this program. The Magnaflux 
field trailer used for this work is in the far background 
and the inspector can be seen on a ladder toward the 
right inspecting a welded joint using the long flexible 
leads to supply magnetizing power at that point. 

Figure i2 is a closeup of the inspector going over the 


fillet welds of an I-beam. A small hand bulb is being 


used to apply the powder. 
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Fig. 12. Closeup of inspector going over the welds of a 
joint using double prods for magnetization and applying 
magnetic particles with a powder bulb 


Figure 13 illustrates a magnetic particle indication 
outlining the existence of a surface crack. 


Fig. 13 Surface crack as revealed by Magnaflux 


Subsurface crack indications differ distinctly from 
surface crack indications in that the powder pattern is 
wide, diffuse and less tightly held as illustrated in 
Fig. 14. 


Fig. 14 Sub-surface cracks as revealed by Magnaflux 


Some of the different types of welded sections in- 
spected were double pitch roof trusses, spandrel trusses 
main I-beam trusses, rigid frames, cap plates, base 
plates and column splice welds. These welds included 
open root fillet welds, butt welds and lap welds. 

Defects located in these welds included surface cracks, 
subsurface cracks, lack of penetration, poor fusion, 
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shrink and crater cracks, subsurface slag inclusions and, 
in some cases, cracks resulting from laminations in the 
steel members. All defects found were chipped out, 
tested to assure complete removal, rewelded and again 
inspected to insure a sound repair. 

The average number of assemblies inspected per job 
was 13'/4. Since this work was done on a consulting 
service basis at various locations in the state of Cali- 
fornia, travel, lodging, and subsistence expenses plus 
set-up and tear-down time increased the cost. Never- 
theless, total costs were controlled to an average of 
$78.50 per job or $5.93 per assembly including inspec- 
tion during and after rework. If we correct for time 
spent on rework inspections, the cost would be dropped 
to $4.60 per assembly. 

To be more specific, let’s examine a case where ten 
40-ft double-pitch roof trusses with approximately 80 
individual fillet welds per truss, averaging 6 in. in length 
each, were inspected. The cost ran $5.00 per truss or 
approximately 6¢ per weld including rework on 8 welds. 
This would lead one to say that costs run approximately 
12¢ per linear foot. However, such a figure would be 
reduced considerably if the welds were continuous as 
illustrated in the case of a storage tank inspection where 
the cost generally runs from 2¢ to 5¢ per linear foot. 

A very interesting study is illustrated in Fig. 15 which 
is a chart showing percentage of assemblies found with 
defects that required rework. Note that in 1948, 
10°, of 382 assemblies inspected required rework. This 
dropped to 19% on 429 assemblies in 1951, and to 9% 
in 1952. These high rejection rates with a gradual de- 
crease to as low as 5, or less over a period of successive 
jobs is common whenever nondestructive testing is ap- 
plied in a new industry. Thus this picture is not sur- 
prising. In fact, it is generally to be expected. The 
36°, figure in 1950, while not in keeping with the 
trend, is understandable because in that vear many new 
steel fabricators and welders entered the field and ex- 
perienced their initial high rejection rates. 

A study of individual fabricators reveals that each one 
generally had a relatively high number of assemblies 
requiring rework on the first job and then sharp reduc- 
tions on each job following. The general pattern was 
something like 60% on the first job, 30°7% on the second, 
25° on the third, and then 10°; or less on subsequent 
jobs. 

Usually welders were amazed to learn that their welds 
had cracks and other defects they couldn't see. The 
first inspection dene in a shop or in the field generally 
attracted a sizable audience which included many dis- 
believers until the defects were laid open with a chipping 
hammer. Welders would return to work mumbling 
their discontent with this new-fangled inspection, weld- 
ing engineers would take a closer look at techniques and 
rods used, and shop inspectors would tighten their vigi- 
lance over fit-up and procedures. The net result was 
generally an immediate 50° reduction in number of 
defects found. However, after that improvements 
came harder and only after close analysis of each type 
of defect and careful corrective action. Nevertheless, 
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PERCENTAGE OF ASSEMBLIES FOUND WITH DEFECTS AND iN NEED OF REWORK. 


Figure 15 


as magnetic particle inspection pointed out the nature 
of the difficulty, corrective steps were taken and rejects 
were steadily driven down to a low of 9% as illustrated 
in Fig. 15. 


Courtesy California Division of Architecture 


Fig. 16 Demolished frame building at Tehachapi, Calif. 


By making inspection a process that is tied in closely 
during welding, difficulties were quickly detected so that 
corrective action could be taken. The net result was a 
reduction in rework and total costs, and an end product 
wholly acceptable to the customer which in this case 
was the State of California. 

Nature provided an unfortunate proving ground in 
this case. Figure 16 shows a nonapproved frame build- 


Courtesy California Division of Architecture 


Fig. 17 Demolished water tank at Tehachapi, Calif. 
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Courtesy California Division of Architecture 


Fig. 18 Damaged railway tunnel near Tehachapi, Calif. 


ing at Tehachapi, Calif., following the earthquake of 
1952. Figure 17 is a photograph showing a 250,000-gal 
water tank after the earthquake. Figure 18 illustrates 
the severity of the earthquake by the damage done in 
a railroad tunnel. Note the rails actually pushed under 
the walls of the tunnel. In contrast to this, Fig. 19 
illustrates an approved welded school structure for 
which welded sections were inspected in 1948. As is 
evident, the approved welded structure came through 
undamaged and safeguarded the lives of many school 
children. 


Courtesy California Division of Architecture 


Fig. 19 Approved welded school structure at Tehachapi, 
Calif. Welded sections had been inspected in 1948 


D. C. Willett of the California Division of Architee- 
ture now reports that the reluctance to accept welded 
structures has practically disappeared. He has stated 
further that nondestructive testing has contributed 
greatly to the earthquake resistance of these welded 
structures and that the program will continue. 

This program of welded building structure inspection 
dates back only a relatively short number of years. 
Therefore, it seems advisable that we briefly review 
some of the other structural weld applications where 
magnetic particle inspection has performed successfully 
for a much longer time and has had a greater opportun- 
ity to demonstrate its economic advantages. 


AIRCRAFT INDUSTRY 


In aircraft, “safety’’ or absolute quality of the end 
product is a must and magnetic particle and fluorescent 
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Courtesy Boeing Airplane Co 


Fig. 20 Welded aircraft engine mount, where magnetic 
particle inspection during manufacture eliminates rejects 
or failures of final assemblies 


penetrant inspection are specified for final inspection. 
In the early days this application at time of final inspec- 
tion also led to the rejection and very costly rework or 
scrapping of very expensive items. However, before 
very long, airframe builders and their subcontractors 
realized that in process inspections were almost mandi- 
tory to assure control of processes, costs and quality as 
required. 

The welded engine mount in Fig. 20 is a good example. 
This particular mount is fabricated from 4130 tubing 
and forgings and presents its own welding problems. In 
this case the tube sections and forgings are individually 
inspected before assembly at an approximate cost of 10¢ 
ach. They are then inspected in subassembly form for 
controlof welding. The completed assembly isinspected 
both before and after heat treatment with relatively 
few, if any, defects found upon final inspection. 

At times it becomes necessary to perform straighten- 
ing operations on this assembly and magnetic particle 
inspection is again used as a check on the straightening 
process. Fluorescent penetrant inspection is used on 
similar structures when fabricated from stainless steel, 
as in gas turbine manufacture. 


TUBING AND PIPE 


Resistance welded tubing and pipe in diameters rang- 
ing from 1*/, to 4 in. OD for tubing and from approxi- 
mately 4to 26 in. OD for welded pipe is being successfully 
inspected in several plants with magnetic particle in- 
spection. The procedure followed here is somewhat 
different and special equipment is designed for each 
particular application. 

Figure 21 illustrates an installation used for “in 
process’’ inspection of pipe at the Kaiser Mill in Fon- 
tana, Calif. In this case, the weld area is magnetized 
as it passes between two large pole pieces immediately 
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Courtesy Kaiser Steel Co 


, Fig. 21 Automatic Magnaflux unit used for continuous 
weld inspection of resistance welded pipe 


after a layer of dry powder has been applied. A suc- 
tion device removes the excess powder and leaves only 


that powder which has been attracted by a discontin- 
uity. 

The pipe is processed at speeds ranging from 20 to 
120 fpm. Defects are easily marked by the inspector 
as they pass as illustrated in Fig. 22. 

Again magnetic particle inspection is used primarily 
as a process control check. The use of this type instal- 


lation in one plant resulted in a saving of $2300 in a 


single 8-hr shift. Electronic scanning devices can be 
tied in with this type of equipment to make the entire 


operation fully automatic. 


MACHINERY AND EQUIPMENT 
WELDMENTS 


Due to size, complex designs, and close tolerances 


Courtesy Kaiser Steel Co. 


Fig. 22 Location of defects are marked on pipe by in- 
specter, as he views automatic Magnaflux indications at 
20 to 120 fpm 
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required, machinery weldments are frequently subject 
to cracking to a greater degree than other types of weld- 
ing. Magnetic particle inspection is used extensively 
on such items as Diesel engine blocks, power shovels, 
graders, portable oil drilling derricks, lift trucks, 
cranes and others. 

Results obtained by a Diesel engine manufacturer 
specifically point to the value of this inspection as a 
means of locating laminations in plate edges before 
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COMPARATIVE OC AND AC MAGNAFLUK PATTERNS OF CRACKS IN 
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Fig. 23 In machinery weldments selection of A.C. vs 
D.C, magnetization is important—depending upon struc- 
ture design 


Fig. 24 Inspection of vertical welds in refinery storage 
tanks during erection. The in-process weld inspection is 


of greatest value 


a 
ing q 
7 Py 7 ONTNUOUS} SURGE 4 


Fig. 25 Leak testing of open tanks is easily done here 
with Spotcheck dye penetrants. Dark spot at weld marks 
a thin leak 


welding, control of welding technique, control of welding 
sequence, and a definite means of reducing scrap. 

Figure 23 illustrates the type of welds inspected and 
conditions found by the inspection of machinery weld- 
ments. 


STORAGE TANKS 


As reported by various oil companies, welding offers 
considerable advantage over riveting for the construc- 
tion of large petroleum storage tanks. Originally mag- 
netic particle inspection was called on only to establish 
the soundness of main seams to allay the reluctance 
about accepting all-welded structures of this nature. 

However, as usual, it has now been found to be far 
more useful as an in-process tool rather than a final ac- 
ceptance tool. 

Inspection of the back-chip of the back weld imme li- 
ately reveals cracks which, if allowed to remain, would 
cause serious subsurface cracking necessitating costly 
rework. The usual weld control is also afforded when 
the welds are inspected progressively as they are made. 

Figure 24 illustrates the application of storage ves- 
sels. Inspection work of this type can generally be 
done at a cost of approximately 2¢ per linear foot. 


LEAK TESTS 


Without any question, the detection of through 
leaks in welds is an application that falls to penetrant 
inspection. Penetrant is merely applied to one side of a 
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Fig. 26 Leak test of pressure water line with fluores- 
cent penetrants is sensitive and rapid. Inside is viewed 
with block light after outside is penetrant coated 


welded seam and presence of through seepage of 
penetrant reveals the leak quickly and reliably. 

Penetrant inspection for through leaks is especially 
advantageous when seams of large open vessels and 
tanks are to be inspected. Pressure testing, while 
possible, is economically prohibitive in cases where large 
covers and gasket fixtures must be provided to form 
an enclosed area. 

Figure 25 shows a visible penetrant indication re- 
vealing a through leak. 

Whether visible penetrant or fluorescent penetrant is 
used is again dependent on the amount of area to be 
covered. In production covering large areas, fluores- 
cent penetrant generally offers a distinct advantage 
in cost per linear foot inspected plus increased sensitiv- 
ity. Figure 26 illustrates a fluorescent penetrant in- 
dication of the through leak in a welded seam. 


CONCLUSIONS 


By investigating case histories we have tried to es- 
tablish whether, when, and how nondestructive testing 
should be applied. 

It appears that when the economic factors really 
warrant the use of nondestructive testing, it should be 
used as an in-process tool to warn of impending danger 
from high rejects, rework and serap. Nondestructive 
testing when used only as a means of meeting customer 
requirements is performing only a small factor of its 
rightful funetion. 

Furthermore, it’s evident that the indications pro- 
vided by nondestructive testing, if correctly interpreted 
and utilized, can and do point the way to the cure and 
prevention of losses in production due to rejects. 

The in-process use of nondestructive testing not only 
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helps to control welding costs but it also wins greater 
customer acceptance of the high quality end product. 
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Ship Construction 


by T. D. Beery and LaMotte Grover 


AMAGE resulting from the collision of ships is not 
all negative —bad as it may look and expensive as 
the repairs may be. It tells a great deal about the 


‘ strength of the materials used, the effectiveness of 
e, the tools and techniques employed, and the quality of 
y the skill and craftsmanship which go into the building of 
a good ship. 

: A case in point is the 8.8. Loide Panama, an all- 
: welded cargo ship (of 442-ft length and 59-ft beam) that 
f was rammed by an oil tanker off Barnegat City, N. J., 
recently. This 7500-ton freighter, built by the Ingalls 
4 Shipbuilding Corp. at its Pascagoula, Miss., shipyard, 
J suffered a punctured and caved-in hull on the starboard 
4 side aft of the deckhouse. (Figure 1 shows a over-all 


view of caved in hull while Fig. 2 shows welded struc- 
ture of equivalent portside. ) 

The penetration was approximately 25 ft into the hull 
at the deepest point. The No. 4 starboard hold or deep 
tank flooded, as did the No. 5A starboard deep tank. 
The shaft alley was punctured and flooded. Because 
the first point of collision was at deck level, the vessel 
rolled to port—thus the bow of the tanker penetrated 
further into the hull below deck. 

In the opinion of engineers experienced in the in- 
vestigation of the behavior of welded and riveted ships, 
if this ship had been riveted rather than welded, the 
damage from the terrific impact of the collision would 
have been much less localized. Riveted seams would 
have opened up in adjacent parts of the plating with 
probable flooding of the engine room and the No. 5B 
deep tank, resulting in loss of the ship. 

Examination of the damage at the Brooklyn Division 
of the Todd Shipyard Corp., Erie Basin, revealed that 
the fractures progressed in the steel plating (7/s in. 
thick) without relation to the welded joints. (See 
Figs. 3 and 7.) The edges of the fractures had the 
characteristic appearance of ductile behavior. 

The damage was almost entirely localized in way of 
the actual V-shaped cut at the point of collision. The 
deck plating had been forced upward and was folded 
back upon itself in a comparatively sharp 180-deg U- 
bend. Both manually and automatically welded deck 
butts followed the bend without any sign of fracture. 
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Figures 1-2 


(Figures 5 and 6 show close-ups of fractured plate and 
bent welds.) Longitudinal bending of a welded joint 
in this manner constitutes a most severe test. The 
side plating that was forced into the ‘“‘V”’ was likewise 
folded into a series of sharp accordian pleats without 
any cracking of welded seams (Figs. 3 and 4). 
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The welded kingpost, almost at the apex of the V- 
shaped penetration of the hull, showed no apparent 
sign of damage, even though some of the rigging had 
snapped and the boom had dropped. There was no 
apparent damage to the hatches or their coamings 
(refer to Fig. 3) although the penetration extended to 
within about 2 ft of the starboard hatch coaming. 


The only joints or seams that parted were riveted— 
those of the gunwale bar, where the deck plating was 
The heads of these 

Rivets 
The bul- 
wark was torn from its supporting brackets for a dis- 


joined to the side shell plating. 
rivets has popped off in way of the damage. 
were loosened from some distance further. 


tance several feet forward and aft of the damaged areas. 


Figures 3-7 
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Several of the brackets that were pulled off the deck had 
sheared in the plate material as far as an inch away from 
the welded connections. 

The results of this accident established forcibly that 
a suitably designed welded structure, built by a 
fabricator or shipyard with experience and proper con- 


trol over its workmanship, is superior to a riveted 
structure. Damage to this welded structure was 
highly localized. This not only minimized the extent 
and cost of repairs but in all probability prevented what 
might have been the complete loss of the ship. 


Balancing Frequency Converter 


Three-Phase Spot Welder 


® A method using cathode-ray oscilloscope, which permits checking the 
balance of inverse parallel connected ignitrons and making necessary ad- 
justments in less than an hour and without welding or subsequent testing 


by G. C. Woodmancy 


PROBLEM of considerable concern in the process 
of spot welding is the attainment of consistent 
shear strengths. This is especially so when spot 
welding is being done to process specification 
requirements such as those of MIL-W-6860. Extended 
knowledge of the process and improved equipment have 
reduced the problem to one that is mostly a matter of 
adequate machine checking and adjustment. In this 
category falls the matter of ignitron balance. 

A type of equipment is in common usage at the pres- 
ent time, especially in the welding of aluminum and 
magnesium and their alloys, that requires adequate 
handling of the problem of ignitron balance. This 
equipment is the three-phase frequency converter 
using ingitron contactors in inverse parallel arrange- 
ment. This equipment, when used on aluminum and 
magnesium in the manner for which it was designed, 
uses a different set of ignitrons for one weld than it 
does the next. The firing alternates between the two 
groups of tubes and is called single impulse welding. 
This method of operation requires that the control 
circuits of the ignitrons be matched so that the two 
ignitrons on each phase of the power line will pass the 
same rms current. When the matched or balanced 
condition is obtained the energy delivered to each weld 
will be the same provided the power line is stable. 

Some early three-phase frequency converters did 
not have a control adjustment to obtain an electrical 
balance of each pair of ignitrons. This design fault 
was soon realized and corrected by placing potenti- 
ometers in the ignitron triggering circuit. Even after 
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this improvement, however, there was no method 
available to check the ignitron balance other than to 
evaluate welds. The only announced method up to 
the present time is to weld material in shear test panels 
and compare the shear strength averages of the welds 
made by the two groups of ignitrons. This requires 
repeated welding and testing and is slow and incon- 
venient. Because the existing method is slow and in- 
convenient it has meant that in many shops only the 
roughest check of the ignitron balance has been made. 
Consequently, there has been difficulty meeting process 
specifications in regard to consistency of weld strengths. 

The problem was avoided in some cases by tech- 
niques of machine operation such as two-impulse weld- 
ing or secondary current of the same polarity for each 
weld. Neither of these techniques permits full utili- 
zation of the welder in the capacity for which it was 
designed. 

In the case of some Sciaky welders the use of a two- 
impulse setting removes the forge delay timer from 
operation so that there is no variable forge delay. 
This can make the task of establishing a machine set- 
ting on an aluminum part a difficult task. 

The method described in this paper permits checking 
of the ignitron balance and making necessary adjust- 
ments in less than an hour and without any welding or 
subsequent testing. The accuracy of the method is 
such that spot-weld shear strength consistency require- 
ments of MIL-W-6860 can readily be obtained. All 
that the procedure requires is a cathode-ray oscilloscope 
and a suitable detecting circuit for putting the welding 
current signal into the vertical input of the oscilloscope. 

The description of the method deals with Sciaky wel- 
ders and Dumont cathode-ray oscilloscopes since the 
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author’s experience has all been on that equipment; 
however, this does not mean an endorsement of either. 
Nor does it mean that the other manufacturer’s welders 
of the same type cannot be checked by the same 
method. All that would be required of any welder of 
the frequency converter type is that the machine be 
provided with balance circuits for each phase of the 
three phase ignitron plate voltage. All that would be 
required of an oscilloscope is that it have a 2 cps sweep 
frequency range and a long persistence screen. How- 
ever, satisfactory results might be obtained with a 
scope having a 15 cps sweep range and a normal cath- 
ode-ray tube. 

On Sciaky equipment single-impulse operation means 
that the RT group of ignitrons delivers the energy for 
half the welds and the RTA group delivers the energy 
for the other half. The RTA group has variable re- 
sisters in the screen grid circuits of the thyratrons 
that control this group of ignitrons. These resisters 
are designated as PT11, PT12 and PT13 and are called 
balance potentiometers. Tneir action is such that a 
change in one of them changes the firing point of the 
corresponding ignitron with reference to the 60 eps 
voltage wave imposed on the tube’s plate circuit so 
that this tube will conduct the same rms current as the 
other ignitron on the same phase of the line. 

Sciaky welders are prepared for checking by removing 
thyratron plate caps so that only one pair of ignitrons, 
say those controlled by TH1 and TH1A, will conduct 
when the controls are set for operation of the welder. 
The timing controls should be set to give 1 cycle heat, 
1 eyele cool, no current decay, alternate bank firing 
on multiple impulse and pressure medium to high. 
The 12 eps secondary current is obtained by removing 
the plate cap of the weld timer and pressing the foot 
switch. The ignition switch then controls the flow of 
secondary current until the weld timer plate cap is 
replaced. On Sciaky seamwelders the machine setup 
is the same except that instead of removing the weld 
timer plate cap the foot switch is held down by a 
weight for as long as the test lasts. Material does not 
need to be placed between the electrodes. Heat con- 
trols should be set to give 50°% heat or more, the only 
consideration being overheating of the electrodes. 
Each pair of ignitrons is balanced in turn at the same 
machine settings. The choice of which pair is being 
balanced is determined by which thyratron plate caps 
are in place. 

The detecting circuit for the welding current con- 
sists of a twisted pair of leads attached to the upper 
and lower arms of the welder through an integrating 
circuit. Several combinations of capacitance and 
resistance can be used in such an integrating circuit: 
however, in the development of this method the circuit 
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Figure 2 


used consisted of 34,000 ohms in series and 1.25 uf 
in parallel as shown in Fig. 1. 

Another detecting circuit that could be used is an 
air core coil of several thousand turns of fine wire, 
such as #42 Formex wire, connected to the oscillo-- 
scope through an integrating circuit made up of '/2 
megohm series resister and 12 yf capacitance in parallel. 
This coil is set in the throat of the welder so that the 
maximum voltage is induced in the coil. 

These detecting circuits will give a slight change of 
the reference line as shown by Fig. 2. This change of 
reference is necessary to get a separation of the trace 
due to one ignitron from the trace due to the other igni- 
tron. This change in reference is no hindrance to the 
method since there is no attempt to compare magni- 
tudes of the traces. 

The oscilloscope used in the development of this 
method of balancing ignitrons was a Dumont 304H. 
The instrument was placed near the welder where the 
sereen could be seen while adjustments to the welder 
were made. This position was chosen with due re- 
rard for the effect of the magnetic field of the weld- 
ing current upon the scope. Once a satisfactory po- 
sition of the instrument was obtained it was connected 
to the detecting circuit and the welder operated. Key 
settings of the oscilloscope were sweep frequency of 
24 eps, and zero synchronizing amplitude. The trace 
that was obtained was as shown in Fig. 2. 

The upper loop is the wave shape resulting from one 
ignitron firing and the lower from the other ignitron 
firing. Both traces appear continuously because of 
sereen persistence. The pair of tubes being checked 
is balanced when the trace appears as in Fig. 2 above 
rather than as in Fig. 3 or 4. 

The oscilloscopic traces shown above are obtained 
when the sweep period is an odd number of half cycles 
of 60 eps signal; the best setting of the oscilloscope is 
when the sweep period is 2.5 cycles or 42 msec. This 
is a sweep frequency of 24 cps for the sawtooth signal 
on the X axis of the oscilloscope. Maximum sensi- 
tivity of the method is obtained with high X and Y 
gain settings of the oscilloscope. 

The sweep frequency of the oscilloscope was double 
the frequency of the welding current. It should be 
noted that this is the case for any frequency of 
welding current in order to produce the oscilloscopic 
trace of Fig. 2. On the cathode-ray oscilloscope this 
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Figure 3 


Figure 4 


particular synchronizing frequency is difficult to find 
and once it is found the trace is unstable and tends 
to drift off the screen. Very slight adjustments of the 
sweep synchronizing vernier control are required to 
steady the trace so that it may be read and adjustments 
made to the welder. 

The explanation of why the oscilloscope can be used 
to balance the ignitrons requires reference to a diagram 
of welding current pattern and the voltage applied to 
the ignitrons. This diagram considers only one phase 
of the three-phase line. The assumption is made that 
what happens on one phase happens also on the other 
two when each is considered separately. 

The dotted line crossing the primary voltage wave 
marks a possible point of ignitron firing where the con- 
trol circuit is not adjusted for ignitron balance. The 
firing of the ignitron is delayed somewhere past 100 
electrical degrees so that the resulting secondary cur- 
rent pulse is delayed and is smaller than the preceding 
pulse as indicated by the dotted line on the secondary 
current wave train. When this wave train is recorded 
by an oscillograph that is properly adjusted for a sweep 
frequency double that of the wave train the two pulses 
will appear opposite each other. The other situation 


that can occur is for the second pulse to begin slightly 

before 100° from zero voltage so that the pulse is early 

and larger than the one it is being matched against. 
Substantiation of this instrumentation method of 
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Figure 5 


balancing ignitrons was obtained by welding a 120- 
weld shear test panel, making the shear tests and com- 
paring the shear strength averages of the two groups. 
The THA group produced a 1174-lb average; the TH 
group produced a 1155-lb average in 0.064-in. 758-T6 
material, a difference of 19 Ib. Only four welds were 
outside of the 2 12.5°% range and those four were within 
* 25°) of-the mean for the whole test. 
results were obtained on other tests. 


Comparable 
Several months’ 
use on production machines has supported these results. 

Welding with the same machine under the same 
conditions, except an unbalanced condition of the 
ignitrons, was also performed. The welder was placed 
in as much of an unbalanced condition as the balance 
potentiometers would allow and shear test panels 
welded. Shear strength averages of the welds made 
by each group were 724 lb for the THA group and 
1078 |b for the TH group. The consistency within 
~ach group Was in both cases within * 12.59% of the mean 
for the group but for the welds as a whole, only two 
of 50 were within * 12.5°) of the mean for all of the 
welds. Needless to say, these welds would not have 
passed requirements for a certified welding schedule. 

The procedure for balancing ignitrons can be sum- 
marized as follows: 

1. Set up the welder controls for the highest fre- 
quency secondary current on one phase, multiple im- 
pulse, alternate bank firing. 

2. Connect the cathode-ray oscilloscope to the 
integrating circuit and adjust its controls for a sweep 
frequency double that of the input signal using zero 
synchronizing amplitude. 

3. Balance the first pair of ignitrons at the chosen 
heat setting while operating the welder by adjusting 
the balance potentiometers. 

4. Balance the second and third pairs of ignitrons 
in turn. 

This procedure assumes that the welder is properly 
checked for timing of the heat and cool timers and that 
the timing cabinet is properly phased out to the igni- 
tron plate voltage. In the event that the timing cabi- 
net is not phased out properly relative to the ignitron 
plate voltage it may be impossible to balance the 
ignitrons of one phase. 

The welder is now ready for production of consistent 
welds to the strictest process specification requirements. 
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Rebuilding and Repairing the Farm Shop 


® You can save time, weather and money by making repairs now 


by L. C. Richmann 


VERY farmer, in this mechanized age, realizes that 
time spent in maintaining farm equipment during 
the winter months means time saved for farming in 
the growing season when that equipment is needed. 

Your oxy-acetylene welding and cutting blowpipe is 
a vital factor in farm maintenance. Braze welding, 
bronze surfacing, fusion welding, hard facing, cutting 
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and heating all can be used to repair parts, or to make 
them last longer, or to build new equipment. 

The most successful farmer today is the one who 
gets the most use from his machinery. Oxy-acetylene 
cutting and welding enables you to repair parts in less 
time than it takes to replace the broken or worn part 
with a new one, reducing breakdown time. And these 
repairs are cheaper than new parts for a further saving 
in money. 

Here are just a few of the many maintenance jobs 
that can be done now with your oxy-acetylene equip- 
ment. 
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A leaking oil pan is repaired easily by braze welding 
a steel flange to the pan. Time needed for this repair 
was 20 min and the cost was less than 10°% of the cost 
of a new part. For safety, the oil should be drained and 
a fire extinguisher kept handy. 


To widen the bottom opening on this manure 
spreader, it was necessary to cut a strip from the bot- 
tom of the front end plate. A strip 44 in. long and 2 in. 
wide was cut from the plate in 10 min using an oxy- 
acetylene cutting blowpipe. 


A broken spreader pin on this manure spreader is 
being replaced by a piece of steel welding rod. A 
high-test steel rod is used for this job because of its 
great strength. A repair such as this is as strong as the 
original. It can be made easily after a little practice. 


Steel welding rod also is used to weld a broken 
brace on this disk harrow. A strong weld is necessary 
here because of the hard usage this implement receives. 
Your welding equipment can also be used to hard 
face the disks for better resistance to abrasion. 


Here a cutting blowpipe is used to trim metal from 
a tongue being built on a sugar cane wagon. Cutting 
and welding make this repair possible. Parts are cut to 
shape with a cutting blowpipe and then welded to- 
gether to form the tongue. 
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The Job 


Caked dirt between the disks of this plow reduce 
the effectiveness of the plow. To prevent dirt from cak- 


ing, this farmer is installing scrapers between the disks. 


The scrapers, cut from 2-in. strap iron, are bolted in 
place for easy removal. Here the ends which extend 


above the horizontal bar are being cut off. 


Here a braze weld is being made to hold in place 
a brace for the burning head of a ditch-bank burner. 
This repair costs less than one dollar, another ex- 
ample of an inexpensive welding job strengthening an 


expensive piece of farm equipment. 


A bent spindle bolt on this tractor caused a bad 
shimmy in the front end. After heating the bolt with 
an oxy-acetylene heating head, it was straightened 
easily and the shimmy corrected. Heating and bending 
are easy jobs with your oxy-acetylene equipment. 


This drill for an automatic posthole digger is being 
hard faced. Before applying the wear-resistant surface, 
the drill was cleaned with a file. A */\s-in. layer of alloy 
is being deposited on the cutting edge of the part. 
Hard facing increases the wearing life of parts from 2 
to 20 times. 


This three-gang plow with steel wheels has been con- 
verted for rubber tires. First the steel rims were re- 
moved by cutting the spokes with a cutting blowpipe. 
Then a tire rim was welded in place. This conversion 
makes an easy pulling, smooth operating plow. 
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Fast Welding Done Floors for Army Cargo 
Trailers 


® Initial assembly is by sequence of spot welds 
but main seams on four sides of central sheet are auto- 
matically submerged arc welded by four heads that 
move 72 ipm after work is clamped in special machine 


by Herbert Chase 


ARGE contracts for building 1'/:-ton Army cargo 
trailers have resulted in establishing excellent 
production facilities for these two-wheel vehicles at 
the Checker Cab Manufacturing Corp.’s Kala- 

mazoo, Mich., plant. Nearly all of the fabrication 

is done by welding and the most interesting setups for 
welding are those in which the trailer floor is fabricated. 

This floor measures 82°/, x 110 in. overall. Its top is 
made up of two sheets 825/, in. long and 29 and 39 in. 

wide, respectively, and, between these, a single plate 54 

in. long and 42 in. wide at the ends of which wheelhouses 

are applied. Submerged are welds are made along all 
four sides of the central sheet and also across the ends of 


a sinilleciaadd wee Fig. 1 Setup on the carriage of the machine showing 
the hes heelhouses. that make spot welds in each of 14 indexed posi- 
i End sheets have integrally formed channel sections tions. In most positions, 22 welds are produced 


at their outer ends. Parallel to these ends are 11 hat 
section channels spaced 9 in. center to center, the out- 
turned flanges of the hat sections making for convenient 
initial assembly by spot welding to the under side of 
the floor. All stock is '/s in. thick. 

Before floor components are joined, they are laid in a 
fixture that is part of a table or carriage designed for in- 
dexing through the spot welder shown in Fig. 1. Hat 
sections are laid in first with flanges up after which the 
flat central sheet and preformed end sheets are laid on 
the reinforcing hat sections. When these parts are 
loaded the table is set to make the first set of spot welds 
for joining sheets to hat sections. 

Many spot welds join each hat flange to the sheets 
after each of the 14 indexings through the spot welder. 
In most indexed positions 22 spot welds are produced. 
After the final indexing the carriage moves to the posi- 
tion shown in Fig. 2 where the assembly is ready for ad- 
vance into the Morton submerged-arc-welding machine 
there shown. This machine is equipped with four 


Fig. 2 Spot-welded floor assembly on the carriage, left. 
about to be transferred into the Morton arc-welding 
machine at right. Above are the Lincoln generators, 


serving Lincoln automatic heads, and vacuum flux re- 
Herbert Chase is a Consultant. covery units 
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Fig. 3 Floor as it appears with wheelhouses arc welded 
in place and arc welds at sides of central sheet completed 
in the machine at left. There another floor has been 
clamped and is ready for automatic arc welding 


automatic Lincolnweld heads each of which is served by 
a 600-amp d-c Lincoln generator and exciter unit 
mounted in a gallery surrounding the upper portion of 
the machine. 

Although the machine may appear somewhat com- 
plex, this is not surprising for it must load the floor, 
locate it properly, clamp it along the sides of each of 
four weld seams to be produced, make the four welds 
rapidly and precisely, pick up excess flux used to cover 
the ares, unlock the weldment when the welds are com- 
pleted and then eject the workpiece onto the table 
shown in Fig. 3. Each event in this cycle must be per- 
formed in proper sequence and rapidly as well as safely. 
Such a cycle on so large a weldment naturally involves 
some complexities. 

Two operators are required at the machine and each 
has his own station. Two stations are needed to keep 
track of all events in so large a machine, and the setup 
is such that operators must work as a team. Neither 
can be injured by motions initiated by the other as the 
machine operates only when both are in safe location at 
their respective stations. Before the spot-welded as- 
sembly enters the arc-welding machine, operators actu- 
ate air valves that lower stop gages whose purpose is to 
locate the assembly precisely before it is clamped. 
Having lowered the gages, foot switches are held down 
while the workpiece is transferred from the carriage and 
is moved into welding position against the gages. This 
transfer is effected by power-driven wheels which stop 
the instant that the assembly is in correct location 
against the gages. Then the latter are elevated by air 
cylinders. 

Next, the workpiece must be clamped in several ways. 
The first clamping is initiated by moving foot valves 
that raise air jacks and water-cooled copper backing 
bars below wheelhouse openings and under cross-floor 
welds. After this is done, each operator leaves his 
station, each picks up a prefabricated wheelhouse and 
sets it by hand in correct position for clamping to the 
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Fig. 4 Close-up showing portions of two automatic heads 
that have completed two of the four arc welds. Also 
shown are several clamping units, including both vertical 
and horizontal levers that are operated by inflating bags. 
Clamps press sheets against backing strips 


floor assembly. This is done by pressing foot valves. 
One pair operates clamps that move down to clamp the 
wheelhouses vertically, and the third valve locks the 
houses horizontally by vertical levers seen in Fig. 2. 
These are actuated by air “‘bags”’ (short length of hose 
closed at the ends) when air pressure inflates the “‘bags.”’ 
After operating locking valves, the operators return to 
their control stations. 

Next, another foot-controlled air valve is moved to 
lower a ram at the center of the press. This applies 
pressure to the central sheet and two rows of air-bag- 
operated clamps, visible in Fig. 4, hold the edges of 
the central sheet and the inner edges of the side sheets 
firmly against copper backing strips where welds are to 
be made. Edges of the sheets are spaced slightly apart, 
and the weld beads fill and bridge this space. Clamping 
of these edges makes the assembly ready for are welding 
and operators inch the electrode wires of the automatic 
heads down until they are shorted out in making con- 
tact with the work. 

Then operators move the travel selector switches of 
their pair of heads to the ‘‘on” position, push the are start 
buttons causing the electrodes to strike the ares and 
welding heads to start their automatic traverse to lay 
down the weld beads. Just before each are is struck, 
flux starts to flow to cover each are and continues to 
flow until the respective welds are completed. As the 
heads move about 72 in. a minute, all four welds are 
completed quickly. 

As there are four welds that come nearly together at 
the corners of the central sheet, the heads must be so 
timed and traversed that they do not interfere. This is 
accomplished in part by time delays so set that the 
heads making the two shorter welds start a few seconds 
later than the two heads for the longer welds, the latter 
then being out of the way. Without this expedient, in- 
terference would occur. 
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Fig. 5 Automatic are welds nearing completion along 

two sides of the central floor sheet. Part of one long 

weld, foreground, extends along the end of the wheel- 

house. Another weld, starting about 1 in. from the first, 

extends at right angles across the side of the wheelhouse 
but the welds do not intersect 


Actually, the two pairs of welds do not cross at sheet 
corners. Both longer welds run from the corners of the 
side sheet along the end of the two wheelhouses as well 
as along both sides of the central sheet. Shorter welds 
start and stop about an inch short of the two long welds 
as Fig. 5 indicates. This avoids possible catching of 
electrodes on beads or fused flux that might occur if 
crossovers were made. 

Mild steel L-60 wire of '/,-in. diam is employed on 
short welds and °/3:-in. diam on the long welds. Lin- 
coln No. 840 flux is used. That fusing to welds loosens 
easily, much of it breaking away in subsequent handling 
of the weldment. Welding current is about 400 amp 
at 27 v on the shorter welds, and 530 to 550 amp at 30 v 
on the long welds. Weld beads are uniform. They not 
only fill the gap between sheets but build up an over- 
lapping fillet making strong joints. As the sheets are 
pressed tightly against copper backing strips, the fillet 
is on the top face only. 

At the ends of the welds, current shuts off automa- 
tically, heads stop, electrodes retract, flux flow ceases 
and heads remain in position to start the next set of 
welds in the following cycle. Heads are clear of the 
work and do not interfere with unloading and reloading. 
Heads are not traversed back before starting welds in 
the next cycle as they are arranged to weld in both di- 
rections and so make one weld in one direction and the 
next in the reverse direction. This arrangement neces- 
sitates having flux pickups at both sides of the electrode 
as shown in Fig. 6. A flux valve is arranged to open the 
trailing and close the advance pick-up nozzle so that 
flux pickup always follows the are. 

As soon as the are welds are completed, operators 
open in proper sequence the valves that unlock the 
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Fig. 6 Portion of one automatic head that welds when 
traversed in either direction. A vacuum nozzle for picking 
up unfused flux is at each side of the electrode which is 
hidden in this view. Nozzles are used alternately, only 
that on the following side being in service at any time 


clamps holding the weldment, leaving it free for ejec- 
tion. This motion out of the machine follows immedi- 
ately, being effected by both electric-motor-driven and 
air-motor-driven wheels put into motion by operator 
valves and switches. At the end of this motion, the 
weldment comes to rest on the conveyor, Fig. 2, and is 
ready for advance to subsequent operations that include 
completion of short hand-are welds at the gaps left near 
center sheet corners. 

Ejection leaves the machine empty and ready for the 
next eycle which starts with lowering the gage stops to 
position the next piece. With this setup which is syn- 
chronized with that of the preceding spot welder and 
with subsequent operations along the line, about 20 
trailer floors an hour can be completed. This is rather 
fast work considering that there are about 248 in. total 
of automatic are welding besides 258 spot welds on each 
floor. 

Top sheets of trailers might be made in one piece if 
sheets large enough were available and could be han- 
dled, but this would involve cutting out and perhaps 
scrapping portions at wheelhouses and still would re- 
quire are welding both wheelhouses on three sides to 
the floor. About 100 in. of are welding would be 
saved, but four welding heads would be needed as now, 
though two of them would make two short welds each, 
with a gap between each pair. Moreover, forming of 
ends and handling of the large sheet would be awkward 
and probably cost more than to continue the present 
long welds which are so quickly made. 


Actually, the setup described is highly efficient and 
produces excellent work that readily passes the exacting 
government inspection required. 
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jacketed piping systems. The 


New Way to Jacket Fittings 


SIMPLE and relatively easy way has been found to 
employ welding fittings for directional changes in 


fabrication pro- 


cedure was developed by the Engineering Service 


Division of Tube Turns, Inc., Louisville, Ky. The 


jacketed fitting combination consists of long and short 


radius 90-deg Tube-Turn elbows, with their center- 


line radii closely matching. 


On one end of the inside 


elbow is a tangent that extends beyond the correspond- 


ing end of the outside elbow. 


the installation work. 
Fig. 1, must be followed exactly. 
This type of jacketed fitting 


technical advantages and lowers fabrication 
Specifically, it (1) eliminates the need for steam or 
coolant jumpers, and (2) eliminates flanged joints, 
except where piping must be disassembled; (3) permits Fig. 1 
more accurate temperature control, since there are no 


On the other end of the 
inside elbow a short piece of pipe is attached to facilitate 
The welding sequence, shown in 


offers 


important 


costs. 


concentrations of metals to cause overheating or under- 


cooling as when flanges are used; (4) minimizes thermal 


expansion and contraction problems; 


optimum flow conditions, since the piping is stream- 


(5) provides 


WELD NO.4 
WELO NO.5 


WELD NO.3 
WELD 
WELD NO. 2 


WELDING SEQUENCE 


Time and cost are saved by this new method of 
fabricating jacketed fittings 


lined; (6) permits insulation to be readily and _ per- 
manently applied; (7) sharply reduces maintenance costs. 


speeded up production while bringing 
costs down and product quality up for 
the Bingham Stamping Div. of Bingham- 
Herbrand Corp., Toledo, Ohio, a major 
producer of compressor housings used in 


in fastening methods has 


domestic air-conditioning units. 

The housings are made in two parts 
which are stamped out on 600-ton presses. 
Two Nelson shoulder-type threaded studs, 
used to support the compressor unit are 


Speeding Up Air-Conditioning Units 


welded to a ledge or shelf on the inside of 
the larger stamping. 

Formerly, machined — studs 
were hand arc welded to the ledge. This 
method presented severe warpage, lo- 
cating and cleaning problems which re- 


specially 


sulted in an excessive number of rejects. 
In addition, because of the time required 
for welding, the utilization of mass pro- 
duction techniques was virtually im- 
possible. 


Figure 1 
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With the semiautomatic Nelson stud 
welding equipment, direct fastening costs 
were immediately reduced by 30%. 
Housings are now stud welded at an average 
rate of 3'/2 per minute (192 units per 
hour), compared with the more than two 
minutes formerly required for each housing 
when hand are welding was employed. 
In addition, warpage and stud locating 
and alignment problems have been com- 
pletely eliminated, and the end product 
is much cleaner. 

Each of Bingham’s two production 
lines operates in the following manner. 
After three thermal bushings are pro- 
jection welded onto the housing, it moves 
to the operator of the stud welding unit 
who places the housing in a locating fix- 
ture below the guns. He then loads a 
stud and ceramic ferrule into the chuck of 
each gun and presses a button which 
automatically clamps the piece, moves 
the guns down to the housing and welds 
Welding of the stud takes 
only a split second. Guns then auto- 
matically return to normal position. 

The next man taps the outside of the 
housing with a hammer which removes 
the ferrules. An inspector then examines 
the piece and passes it on to a worker 
who wipes out the inside of the housing. 
Finally the housing is dipped into a rust- 
preventative solution, ready for shipment. 


the studs. 
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activities + related events 


Second Meeting of Board of Di- 
rectors 1953-54 Year 


The second meeting for 1953-54 of the 
AWS Board of Directors was held on 
Monday, Jan. 18, 1954 at 10:00 A.M. in 
Parlor E, Mezzanine Floor, of the Hotel 
La Salle, Chicago, Ill, with the following 
in attendance: 

Members; F. L. Plummer, Chairman; 
J. H. Humberstone, J. H. Blankenbuehler, 
J. J. Chyle, R. 8. Green, D. B. Howard, 
C. E. Jackson, C. H. Jennings, J. W. 
Mortimer, I. A. Oehler, C. P. Sander, 
Hal Savage, C. M. Styer and J. B. Welch. 

Staff; J. G. Magrath, Secretary, and 
F. J. Mooney, Assistant Secretary. 


Guests: J. R. Stitt, Chairman, National 
Membership Committee; Howard Biers, 
Vice-President, International Institute of 
Welding; W. Goerg, Jr.. Chairman, 
Nationa! Convention Committee; T. W. 
Swisher, Chairman, Chicago Section; 
J. C. Savage, Vice-Chairman, Chicago 
Section; L. C. Monroe,  Seeretary- 
Treasurer, Chicago Section; A. R. Myers, 
Chairman, Chicago Arrangements Com- 
mittee; and W. G. Fassnacht, Secretary, 
Michiana Section. 


TAC Recommendations 


(a) The Technical Activities Com- 
mittee submitted proposed revisions to 
Rules 6, 10 and 11 of Rules Governing 
Organization, Functions and Policies of 
Technical Committees of the AMERICAN 
WELDING Soctety. 

Action: Upon motion, duly seconded, 
the foregoing Technical Activities Com- 
mittee recommendations were accepted 
and approved. 

(b) The Technical Activities Committee 
submitted for approval, proposed tenta- 
tive specifications for Aluminum and 
Aluminum-Alloy Welding Rods and Bare 
Electrodes. 

Action: Upon motion, duly seconded, 
the proposed tentative specifications for 
Aluminum and Aluminum-Alloy Welding 
Rods and Bare Electrodes, was approved 
as a tentative joint Standard of AWS and 
ASTM. 

(c) Technical Activities Committee 
recommended the appointment of A. N. 
Kugler to represent the AMERICAN WELD- 
Society Sub-Committee on Quality 
Control Requirements for Welding Stain- 
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less Steels, ASA Chemical Industry 
Advisory Board. 

Action: Upon motion, duly seconded, 
the foregoing recommendation for ap- 
pointment was approved. 


J. F. Lincoln, Proposal 


The Secretary advised that on Dee. 
30, 1953, J. F. Lincoln wrote the Sociery’s 
Secretary tendering a plan for weldment 
promotion, such to be supported by the 
welding equipment manufacturers. A 
copy of Mr. Lincoln’s Proposal was sub- 
mitted with Agenda for this Meeting. In 
discussion, it was felt that an educa- 
tional activity, consisting of papers treat- 
ing with weldment design would be prefer- 
able and such might very well be spon- 
sored by Mr. Lincoln with prize incen- 
tives. 

Action: Upon motion, duly seconded, 
it was unanimously agreed to refer J. F. 
Lincoln’s Proposal to the Manufacturers 
Committee for consideration. 


Revisions to By-Laws 


(a) The Secretary advised in Agenda 
that the Socrety’s legal counsel submitted 
a new copy of amendment, as considered 
practical by them and wholly legal. This 
amendment requires that the By-Laws as 
presently written for amending, must, for 
further amendments, be submitted to 
the Membership-at-Large in complete 
amended form. The Secretary advised 
that H. O. Hill, Chairman of the By-Laws 
Committee, acting for his Committee, has 
consented to the legal counsel’s advice. 

Action: Upon motion, duly seconded, it 
was unamimously agreed to accept and 
approve the By-Law Amendment clause, 
submitted by the Socrety’s legal counsel. 

(b) The Secretary advised that in view 
of the action taken by the Board of 
Directors changing the administrative 
year of the Society from “Ending Octo- 
ber’’ to “Starting June Ist’’ it was neces- 
sary for the Board to make a special ruling 
regarding the duration of the term of the 
Socrety’s next President—Oct. 31, 1954 
to May 31, 1955, or from Oct. 31, 1954 to 
May 31, 1956. The Socretry’s By- 
Laws state that a President’s term is one 
year. A special ruling of the Board 
would be required to alter this in view 
of the fact that we are in a transition 
period between old and new By-Laws. 
Further, it follows that any change 
effected by the ruling on the term of the 
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President, sutomatically prevails in regard 
to the terms of all nominated and elected 
National Officers. Further, any ruling 
affecting the term of the President would 
automatically affect the date of the 
Soctety’s Annual Meeting, either in 
1955 or 1956. 

Action: Upon motion, duly seconded, it 
was moved to specially rule that the next 
Pre-ilential term extend from Oct. 31, 
1954 (or date of Annual Meeting termina- 
tion 1954) to May 31, 1956. The motion 
was carried and approved. 

(c) The Secretary advised that a special 
ruling was required by this Board of 
Directors permitting the President, based 
upon recommendations of the involved 
Sections, to appoint four special District 
Nominating Committees, consisting of a 
Delegate from each involved Section, and 
each Committee to be headed by a Chair- 
man appointed by the President for 
nominating four new District Directors, 
in order to conform with the intent of the 
Revised By-Laws. 

Action: Upon motion, duly seconded, 
the foregoing recommendation was 
unanimously approved. 


Get anew grip on your problems 


AWS Spring Technical 
Meeting and Welding 
Exposition 
Buffalo, N. Y. May 4-7, 1954 
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You Buy Electrodee 
the Old Cracker-Barrel Way? 


Marcu 1954 


THE PACKAGE 
MAKES SURE 
YOU'VE GOT THE 
RIGHT ROD FOR 
EACH JOB. 


Why pick electrodes by the old hit or miss method? 
Insist on Sylvania Packaged Tungsten Electrodes! 

This up-to-date packaging eliminates the risk of 
using the wrong type. You'll find the exact Sylvania 
rod you need...for any inert gas welding job... 
plainly indicated on every Sylvania carton. 

Sylvania’s sturdy black and yellow cartons also help 
reduce damage losses and permit an easy check on 
your warehouse stocks. 


For Quality, Convenience 
ahd dependability, choose 


SYLVANIA PACKAGED ELECTRODES 


Remember Sylvania, leader in the development of 
tungsten in many forms, controls the quality of its 
tungsten electrodes from ore to finished products, thus 
assuring uniformity and finest performance. 

Now, the complete line of Sylvania Tungsten Elec- 
trodes is yours at new low prices. For full information 
concerning the real money savings these electrodes now 
mean, call your Sylvania Welding Distributor or write 
to Dept. 4T-4603, Sylvania TODAY! 


Sylvania Electric Products Inc., 1740 Broadway, New York 19, N. Y. 


In Canada: Sy!vania Electric (Canade) Ltd., University Tower Bidg., St. Catherine St., Montreal, P. Q. 


LIGHTING + RADIO + ELECTRONICS + TELEVISION 
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Headquarters Housing 


The Secretary acquainted the Board 
with as much information as it had been 
possible for him to gather in regard to the 
discussions being held in connection with a 
new building being found for the Engineer- 
ing Societies. It was determined that 
inasmuch as the President had been given 
the power to appoint a Committee on this 
activity at a previous Board of Directors 
meeting, it was now advisable for him to 
proceed to name that Committee. Chair- 
man, red L. Plummer designated the 
Committee to consist of J. J. Chyle as 
Chairman, J. H. Humberstone, C. E. 
Jackson and C. P. Sander as Members. 
C. H. Jennings was also designated, but he 
was not in a position to advise as of this 
date whether or not he could serve. The 
Chairman urged that this Committee 
turn in a report at the May 1954 meeting. 


Convention Committee's Report 


Walter Goerg, Jr., Chairman of the 
Convention Committee, reported to the 
Board in rezard to the following: 

(a) May 4, 5, 6 and 7 have been set as 
the dates of the National Spring Techni- 
cal Meeting at Buffalo, N. Y., at the Hotel 
Statler. Tuesday morning has been left 
free for the possibility of an opening ses- 
sion. Thirteen sessions in all have been 
scheduled on Tuesday afternoon, Wednes- 
day morning and afternoon and Thurs- 
day and Friday mornings, each to consist 
of three papers. No social activities have 


been planned as yet, awaiting action by 
the Niagara Frontier Arrangements Com- 
mittee which is also planning plant tours 
and the ladies’ program. An endeavor is 
being made to obtain an outstanding 
Keynote Speaker from industry. If such 
is done, it may be advisable to present a 
Keynote Speaker at a dinner rather than 
on Tuesday morning session. In such 
instance, the Tuesday morning session 
might be filled with other activity. 

(b) The National Fall Technical Meet- 
ing. combined with Annual Meeting, will 
be held in the Hotel Sherman at Chicago 
Ill., Nov. 1 through 5, 1954. Invitations 
to authors have been extended, and the 
preparations will get under way with the 
Chicago Arrangements Committee start- 
ing January 19th. 

(c) Mr. Goerg, Jr., presented the Con- 
vention Committee’s recommendation that 
at the Buffalo Spring Technical Meeting, 
the registration fees be raised from $1.00 
for AMERICAN WELDING Society Members 
to $2.00 and from $2.00 for Non-Members 
to $5.00; the Non-Member registrants to 
receive a coupon good for $3.00 credit for 
a period of 60 days upon application for 
Membership in the Socrery. As near as 
possible, without infringement of ticket 
admission rulings and laws, not subject to 
taxation, compulsory registration will be 
effected in the order of signs in rooms and 
supervisor's suggestions to all who have 
not registered. Discussions for the 
reasons ensued. 


Action: Upon motion, duly seconded, it 
was moved and unanimously 
that registration fees for both the Buffalo 
Spring Technical Meeting and the Chicago 
Fall Technical Meeting be increased to 
$2.00 for American WELDING Soctery 
Members and $5.00 for Non-Members; 
Non-Members to be given a coupon which 
would credit them for $3.00 toward their 
first annual dues upon application for 
Membership in the Socrery within 60 
days from date of issuance. 


approved 


Membership Classification 


Donald B. Howard, District Director, 
District No. 2, advised that at a District 
meeting of Section Chairmen and Mem- 
bership Chairmen in Baltimore, Md., on 
Nov. 20, 1953, they instructed him to 
request that the Board of Directors at its 
next meeting consider the reviewing of 
Membership Classification requirements to 
provide for a greater distinction between 
the ‘B” and “‘C”’ types, or to eliminate the 
two grades and offer only one grade of 
individual Membership Classification. 


Action: Upon motion, duly seconded, 
the Board of Directors referred the recom- 
mendation to the Special Committee on 
Membership Classification with the re- 
quest to that Committee that it turn in a 
complete report with recommendations on 
Membership Classification to the Board of 
Directors at its meeting in May 1954, 
Buffalo. 


Tem 


Simply mark your workpiece 


A convenient method of 
controlling working 


with the proper Tempilstik? 
When the mark melts, the specified 
temperature has been reached. 


temperatures in: 


© WELDING 

FLAME-CUTTING 

© TEMPERING © DRAWING 

© FORGING © STRAIGHTENING 
© HEAT-TREATING IN GENERAL 


REE — Tempil® “Basic Guide to 
Ferrous Metallurgy” — 161/,” 
by 21” plastic laminated wall chart in color. 


Send for ple p , stating temperature 
of interest to you. 


TEMPIL® CORP.,, 1) west 25: street, New yoRK 10.N 


We invite inquiries from reputable distributors interested in handling Tempil® products. 


© CASTING 
© MOLDING 


Available in these temperatures | 


Also available 
in pellet or 
liquid form 
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LINCOLN 


JETWELD 


NOW! 307 and faster 
welding speed to cut 


your welding costs.. 
FOR FILLET AND LAP WELDS 
“JETWELD* (E-7020) 


Designed for fast operation in flat and 
near-flat positions. Tensile strength (as 
welded) 80,000 to 90,000 psi. Yield 
strength (as welded) 65,000 to 75,000 
psi. Elongation in 2 inches... 18-25%. 
For welding of mild steels. Equally good 
on low alloy steel and hard-to-weld steels. 
“JETWELD” is ideally suited for 
welding higher carbon steels normally 
welded with low hydrogen electrodes. 
Also fulfills physical requirements of 
E-6012 and E-6013 electrodes in the flat 
position. For use with AC or DC. 


HERALDS THE JET AGE IN WELDING TO 
MEET THE AGE OLD PROBLEM...COSTS 


NOW, Lincoln joins powdered metal for the first time with com- 
mercial electrodes to utilize the heat of the arc more efficiently. 
Az modern as the Jet itself, JETWELD achieves the fastest hand 
welding speeds ever accomplished ...with new quality stand- 
ards and ease of welding. 


RESULTS 


1. 30% and higher speeds on fillet and lap welds...and to new 
quality standards. 


HORIZONTAL FILLET WELD. Plate size is 3%”, 
fillet size 4", “JETWELD” electrode size 
\4", Current is 360 amps, arc speed 14 inches 
per minute. 


2. Easy to operate. A drag electrode, JETWELD has exception- 
ally stable arc characteristics. There is no coating breakdown. 
Stub losses are less. 

Welders take to JETWELD’S smooth arc action... its improved 
resistance to arc blow. There is practically no spatter. Bead appear- 
ance compares with hidden-arc welds. Welds are self-cleaning. 


3. X-ray quality—Weld metal made with JETWELD is uniform 

. of X-ray quality. It is free of undercut with improved impact 
values at low temperatures. JETWELD is used on higher-carbon 
steels normally welded with low hydrogen rods... without cracking 
and without surface holes. Bead shape is flat. 


START CUTTING COSTS 
NOW Ask the shop that’s using 
JETWELD today or order atrial 
lot of JETWELD. Immediate 
savings will be obvious. Pro- 
cedures are in Bulletin 481. 
Write today. 


Lincoln's leadership in arc welding is founded on one idea. . . to 
produce a better product at lowest cost through incentive operation. 


THE LINCOLN ELECTRIC COMPANY 


Dept. 1902 


CLEVELAND 17, OHIO 
THE WORLD’S LARGEST MANUFACTURER OF ARC WELDING EQUIPMENT 
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to be absolutely sure 


make certain you use... 


STAINLESS STEEL ELECTRODES 


e Controlled high quality 


e Properly formulated coatings 
e Uniform welding characteristics 
e Analyses for all A.1.S.I. stainless steel grades 


e Packaged in hermetically sealed metal containers 


Alloy Rods Company’s one job 
is to make the finest electrodes. 
This specialization permits the 
highest standards of quality 
control throughout the entire 
production cycle—from the 
proper analysis of the core wire 
and the application of the 
correct ceating to the finished 
electrode. 


ARCALOY’S superior coatings 
produce a slag that is easily 
and completely removed and 
that saves expensive labor time. 
But most important of all, 
ARCALOY electrodes are reliable. 


The closely controlled quality 
supervision under which they 
are produced will give you top- 
flight, uniformly excellent weld- 
ing, month after month. 


ARCALOY Stainless Steel Elec- 
trodes are available for all 
grades of chrome-nickel and 
straight chrome stainless steels 
with either AC-DC coating or 
lime coating. Your Alloy Rods 
distributor will supply the right 
electrodes for your 
corrosion and heat 
resisting services... 
send your order today. 


OVEN FRESH! ARCALOY Electrodes are 
packaged in the familior ALLOY RODS 


Alloy 
) 


ARCALOY Stainless Steel Electrodes « BRONZE-ARC 
Phosphor Bronze Electrodes « NICKEL-ARC Electrodes 
for Cast Iron ¢ TOOL-ARC Electrodes for Tools 
and Dies ¢ WEAR-ARC Hard-Facing Electrodes 

WELD-ARC Low Hydrogen Electrodes 


red-and- yellow hermetically sealed metal 
containers. Available in Ys’’, 544’’, 


Delinquency Period 


The Secretary recommended that the 
delinquency period for 1954 be extended 
one month as has been the practice for the 
past three years. The Secretary observed 
that the objective should be to eliminate 
this one-month extension in 1955, if at all 
possible, and to effect such elimination by 
monthly statements for that period rather 
than bi-monthly statements. 

Action: Upon motion, duly seconded, 
the extension of the 1954 delinquency 
period extension of one month was ap- 
proved. 


Welding Journal Committee Recommenda- 
tions 


(a) The Welding Journal Committee 
recommended to the Board, that inasmuch 
as Mr. Spraragen was going to retire Apr. 
30, 1955, and, inasmuch as on the basis 
of contractual agreement B. E. Rossi 
would be entering the full employ of the 
Society beginning Oct. 1, 1954, the Com- 
mittee recommended that Mr. Rossi be 
elevated to the position of Editor in 
January 1955, and Mr. Spraragen assume 
the position of Consulting Editor for the 
first four months of 1955. 

Action: Upon motion, duly seconded, 
the recommendation of O. B. J. Fraser, 
Chairman of the Welding Journal Com- 
mittee, for his Committee, was accepted 
and approved; B. E. Rossi to be elevated 
to the position of Editor, Jan. 1, 1955 
and Mr. Spraragen to be appointed 
Consulting Editor for a period of the first 
four months of 1955. 

(b) The Welding Journal Committee 
recommended that the Board approve, 
starting with January 1955 issue of the 
JOURNAL, changes in format to consist of 
improved layout of technical articles, 
better drawings, use of bleed cuts, setting 
news items in larger type with bolder 
headings and with more illustrations, and a 
special write-up of activities of one Section 
each month, including photographs. 

Action: Upon motion, duly seconded, 
the foregoing recommendation was ap- 
proved, subject to the economics of the 
period. 

(c) The Welding Journal Committee 
recommended that the JourNAL Domestic 
Subscriptions be increased from $6.00 
to $7.00 with corresponding increase in 
Foreign Subscriptions from $7.50 to 
$8.50 and, in accordance with U.S. Postal 
Regulations, the Membership Dues Alloca- 
tion to the JouRNAL, be increased to $3.50 
(on the basis of the new subscription 
prices) effective with the new fiscal year 
Sept. 1, 1954. The foregoing recom- 
mendation was based on the need to meet. 
rising costs for both printing and paper of 
publication. It was pointed out that this 
is in line with the subscription rates of most. 
other societies’ magazines. 

Action: Upon motion, duly seconded, 
the foregoing recommendation was ap- 


proved. 
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(d) The Welding Journal Committee 
recommended that the existing contract 
with WRC Supplement, as printed and 
included in THe JouRNAL, 
be changed from a bi-annual agreement 
(expiring each two years) to an agreement 
which may be altered at any time by 
mutual consent, and one which either 
party may terminate on any December 
3lst by notifying the other party in writing 
at least one year prior to such termination. 

Action: Upon motion, duly seconded, 
the foregoing recommendation was ap- 
proved. 

(e) The Welding Journal Committee 
recommended to the Board of Directors 
and the Finance Committee that an in- 
crease not to exceed $5000 per year be 
permitted in the JouRNAL expenses above 
present normal expense to permit the new 
Editor to incorporate transition improve- 
ments and changes in the JouRNAL as 
previously outlined in the foregoing item, 
(b). 

Action: Upon motion, duly seconded, 
the Board referred the Welding Journal 
Committee’s recommendations to the 
Finance Committee for study and con- 
sideration and recommendations to the 
Board. 


Section Advisory Committee Report 


Mr. Blankenbuehler, reporting for his 
Committee’s activities, advised that the 
Committee was working on _ District 
boundary lines with the requested assist- 
ance ef District Directors and, in turn, 
the assistance of the Sections in defining 
their Section boundaries. The New York 
and New Jersey Sections have indicated 
that they have a strong preference for 
remaining within District No. 2 rather 
than be placed in District No. 1 as planned 
by the Section Advisory Committee, due 
to their related activities in collaboration 
with the Philadelphia and Lehigh Valley 
Sections as well as the excellent and fast 
transportation facilities available between 
New York, Newark, Philadelphia, Balti- 
more and Washington Sections locations. 
He further advised that a program of 
District-wide letters, District Director 
Bulletins to Sections, with copies to Dis- 
trict Directors, was being instituted and is 
now in effect by a major number of the 
District. Directors. 

Action: Upon motion by D. B. Howard, 
duly seconded by C. E. Jackson, 

(a) the action taken at the Board of 
Directors Meeting of Oct. 22, 1953, posi- 
tioning New York and New Jersey Sec- 
tions in District No. 1, was rescinded and, 

(b) the placement of the New York and 
New Jersey Sections in the new District 
No. 2 was approved. 


Towa-Illinois Section Activity 


The Secretary presented a brochure 
covering all activities of this new Section 
which has been prepared by the section with- 
out any assistance and entirely on their own 
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Brinell Hardness Test This drawing shows an actual test mode on a 


machined casting welded with Nickel-Arc. Notice 


that the fusion zone of the weld is less disturbed 
or affected by the heot of welding and remains 
well within the machinable range. Notice also 
that the weld metal hos a hardness that matches 
that of the base metol. 


Better Machinability of Cast Iron 


with 


Nickel-Arc’s special coating keeps welding heat down! 
The special coating used in Nickel-Arc makes it possible to weld 
in a lower amperage range, reduces the heat and resulting hard 
carbides in the weld area. Moreover, Nickel-Arc’s AC or Straight 
Polarity DC operation provides a low-penetrating, easy-to- 
control arc free of spatter. With Nickel-Arc, therefore, there is 
always less disturbance in the base metal, and better machinability 
in the line of fusion. 


Nickel-Arc’s controlled balance between core wire and 
coating prevents cracking and porosity! Step-by-step con- 
trol during manufacture maintains this balance. That’s why 
Nickel-Arc produces a dense, sound, ductile weld deposit free 
from transverse cracks, porosity, and hairline cracks. 


Find out how Nickel-Arc can help solve your cast 
iron welding problems. Order a 10-pound can from 
your Alloy Rods distributor . . . he has it in %¢”’, 
5/40'’, ¥g’’, and 342”’ diameters. 


OVEN FRESH! Packaged in the fa- 


miliar Alloy Rods red-and-yellow 
hermetically sealed metal container, 


every Nickel-Arc electrode reaches 
All, you in “oven-fresh” condition. 
General Offices and Plant « York 3, Pennsylvania 
Oo 4 Pacific Coast Sales Offices and Plant © El Segundo, Calif. 
) 


ARCALOY Stainless Steel Electrodes ¢ BRONZE-ARC 
Phosphor Bronze Electrodes « NICKEL-ARC Electrodes 
OG. for Cast Iron ¢e TOOL-ARC Electrodes for Tools 
and Dies e WEAR-ARC Hard-Facing Electrodes 

WELD-ARC Low Hydrogen Electrodes 
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initiative. It is an excellent example of 
Section service to its Membership, pro- 
viding all of the necessary information for 
Section Members and, in addition, it con- 
stitutes a fine work for inducing new 
Members to join their organization. In 
view of the newness of this Section and 
their initiative, he felt that a special 
commendation from the Board of Directors 
was in order. 

Action: On motion, duly seconded, the 
Board of Directors went on record com- 
mending the lowa-Illinois Section for 
producing a valuable contribution to the 
Socrety at the Section level for the use of 
its Membership. 


Membership Status Report 


The Assistant Secretary advised that as 
of Jan. 1, 1954, the Sociery had a Mem- 
bership registration of 9682, consisting 
of 8610 active and 1072 delinquent 
members. As of this date, the Socrery 
has a total registration of 201 Supporting 
Companies, as compared to 195 at the 
commencement of the current Membership 
Year, Sept. 1, 1953. He compared these 
Membership figures as against the previous 
Jan. 1, 1953, at which time the Socrery 
had a total registration of 8477 Members, 
consisting of 7553 active and 924 delin- 
quent Members. The delinquency per- 
centage, as of Jan. 1, 1954, is 11.1% as 
compared to 10.9% as of Jan. 1, 1953. 


J. R. Stitt, Chairman of the National 
Membership Committee, was requested 
to report, and he stated that the gain has 
not been as rapid as last year and, further, 
he wants all Sections to be more active 
in their Membership campaign. He also 
requeste | that Members of the Board, 
whenever the time permits, acquaint 
companies in their area with the Support- 
ing Company Membership Enrollment 
Plans. 


Next Meeting 


It was generally agreed that the next 
Board of Directors Meeting should be 
held at Buffalo, N. Y., in the Hotel 
Statler on Wednesday, May 5th if such 
could fit into the scheduling of the 
Society's Spring Convention. 


Display of Welding Equipment 


Tne most elaborate display of welding 
equipment and accessories ever assembled 
will be on exhibit at the second Welding 
Show, sponsored by the AMERICAN WELD- 
ING Socrety, it was disclosed by Joseph 
G. Magrath, national secretary. 

The show will be held at the Memorial 
Auditorium, Buffalo, May 5-7, and the 
Society’s National Spring Technical Meet- 
ing will be held at the Hotel Statler, in the 
same city, May 4-7. 


“Every type of industry will! find some 
thing new and useful among the exhibits,” 
Mr. Magrath declared. ‘‘Never before has 
an exposition of such size been devoted 
exclusively to the welding process. Here 
a production executive may find a new 
method which will save his company 
hundreds of thousands of dollars, and 
maintenance men, who use welding as a 
primary tool, will find every variety of 
method demonstrated.” 


Services Available 


A-647. Metallurgical Chemist with 
long experience in welding research and in 
designing and manufacturing coatings for 
are welding electrodes and brazing rods. 
Knowledge of foreign languages. Résumé 
upon request. 

A-648. Executive potential, age 33. 
12 vears’ experience, shipbuilding, pres- 
sure vessel, power plant equipment fields 
as Welding Engineer. Desire  super- 
visory or top level staff position. 


CLEAN! 
SIMPLE! 


RUGGED! 


Roller Table Backup for Zero Deflection 
* Timken Taper Roller Bearings © Pre- 
cision Steel Gears * Minimum Backlash 


HEADSTOCKS — TAILSTOCKS 


MODEL HTS 5 SHOWN 


* Magnetic Brake * Smooth, Quick 
Stops * All Working Parts Enclosed 
Within Chassis * Magnetic Reversing 
Starter Inside Chassis * 110 Volt Con- 
trol Circuit * Positive Drive, No Belts « 
Mercury Grounded Spindle Headstock 
and Tailstock * All Steel, Welded Con- 
struction, No Castings * Only Two 
Grease Fittings to Service Once a Month 


7 ronson MACHINE COMPANY 


ARCADE, NEW YORK 


MODEL HTS 5 — Capacity 5,000 Lbs. 
MODEL HTS 12 — Capacity 12,000 Lbs. 
MODEL HTS 32 — Capacity 32,000 Lbs. | 


Rear view of HS2 Head Stock, cover 
removed to show clean design 
and simplicity of drive mechanism. 
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and again, when it finally does wear. 


TRADE-MARK 


j 


This shear blade is used in a plant producing tough non-ferrous 
alloys. Before hard-facing was adopted, the blades would chip, lose their edge, and 
have to be scrapped after shearing only about 50 tons of metal. They now can handle 
roughly four times that amount of metal because they are protected with HAsTELLOY 
alloy C. They can be machined and hard-faced again when they finally do wear. One 
set of hard-faced blades has been in use in the plant for more than three years with 
periodic maintenance. 

In steel mills, too, HASTELLOY alloy C has increased the life of blooming mill shears 
by as much as 10 times. Hard-faced blades have lasted 110 turns without maintenance. 

HastE.oy alloy C rod has also been applied to many other hot-working parts with 
outstanding success. The metal flows well by metallic arc welding or HELIARC welding 
without preheating. No peening is necessary. Deposits of HasteLLoy C work-harden 
in service. They can be machined by conventional methods. 

For information on how to apply HasTe.toy alloy C to hot-working parts, write 
for a copy of “Haynes Hard-Facing Manual.” For on-the-job help in applying the rod, 
get in touch with the nearest District office. 


Haynes Stellite Company 


Hastelloy” and “Heliare™ are trade-marks of Union Carbide and Carbon Corporation. 3 
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TRADE-MARK LAL 4: A/* General Offices and Works, Kokomo, Indiana 
Sales Offices 
iw Chicago — Cleveland — Detroit — Houston 


Los Angeles—New York—San Francisco—Tvisa 


A 3@-in. deposit of HasrE.Loy alloy C on 
the cutting edge of this shear blade has increased 
its life by four times. The edge can be rebuilt again 


Union Carbide and Carbon Corporation 


ced with HASTELLOY Alloy C 


4 


| 

a 

SHARP... wher Hor 
| | 

te 


Coming Events 


The sixth annual National Engineering 
Conference of the American Institute of 
Steel Construction will be held at the 
Hotel Schroeder, Milwaukee, Wis., Tues- 
day, Apr. 13 and Wednesday, Apr. 14, 
1954. 


American Bureau of Shipping 
Meeting 


The 92nd Annual Meeting of the Board 
of Managers and the Members of the 
American Bureau of Shipping was held on 
Jan. 26, 1954, in the Bureau’s board room, 
45 Broad St., New York City. 

Walter L. Green, President, presided 
and expressed to more than 70 managers 
and members his appreciation of their at- 
tendance. 

Mr. Green was re-elected President and 
Chairman of the Board of Managers. 

Re-elected as Honorary Vice-Presidents 
were Joseph W. Powell and William D. 
Winter. 

David P. Brown was re-elected Senior 
Vice-President and Technical Manager of 
the Bureau. Jerome B. Crowley was 
re-elected Vice-President in charge of 
Finance and Administration. 

Alfred Blum was re-elected Treasurer 
and Daniel L. Parry was re-elected Secre- 
tary. 

In his remarks, with rezard to the out- 
look for the Bureau in 1954, Mr. Green 
said: 

“On Jan. 1, 1954, 184 sea-going vessels 
of 2,577,207 gross tons and 2 large Great 
Lakes vessels of 26,200 gross tons were 
under construction and/or under contract 
to be Classed with the Bureau. In ad- 
dition, there were 345 smaller miscel- 
laneous type vessels aggregating 105,602 
gross tons also contracte1 for to be built 
under the supervision of the Surveyors to 
Class with the Bureau. This new con- 
struction totals 531 vessels of 2,709,009 
gross tons, which is a decline of almost 
20% from the totals of one year ago. On 
Jan. 1, 1953, contracts were in existence 
for the construction of 690 vessels of 
3,337,411 gross tons to Bureau Class. 

“Of these 531 new vessels being built 
to Bureau class, 362 of 834,347 gross tons 
are on order in United State: Shipyards. 
This includes 50 ocean-going cargo ships 
and tankers of 712,339 tons, 2 Great 
Lakes bulk carriers, and 345 miscellaneous 
vessels such as tugs, towboats, barges, 
ete. 
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“A total of 169 new vessels of 1,874,662 
gross tons are now on order in yards out- 
side of the United States to be built to 
American Bureau of Shipping Classifi- 
cation. This is more than twice the 
amount of tonnage currently under way 
in American yards to Bureau Class. A 
number of these will be finished in 1954 
but others will not be completed until 
1955 and 1956. Of these, 22 are under 
way in United Kingdom shipyards, nine 
in France, one in Belgium, two in Sweden, 
34 in Germany, one in Canada, six in Mexi- 
co, seven in Trieste, 21 in Italy, six in 
Spain, 17 in Holland, seven in Turkey, 
three in Pakistan, 23 in Japan, one in 
British Guiana, five in Lebanon and four 
in Taiwan. Exclusive Bureau Surveyors 
are maintained at practically all of the 
shipyards at which thee vessels are being 
built. These new vessels include tankers, 
refrigerated ships, bulk ore carriers, cargo 
ships, passenger liners, a cable ship and 
barges.” 


Positioned Welding 
Essay Contest 


The first national essay contest on the 
subject of “The Advantages of Using 
Positioning Equipment in Welding”’ is 
being sponsored by the Pandjiris Weld- 
ment Co., St. Louis, Mo. 

One thousand dollars in prize money 
will be awarded the five winning entrants: 
first. prize—$500; second—$250; third— 
$150; fourth and fifth--$50 each. Essays 
are to feature a description of an actual 
experience in which welding costs were 
reduced, production increased or quality 
improved by the introduction of position- 
ing equipment. Photos may be submit- 
ted with the essay. 

The contest is open to anyone engaged 
in the welding field, except employes of 
the Pandjiris Weldment Co. and Pand- 
jiris distributors, agents and their em- 
ployes. 

Essays will be judged on a basis of (1) 
monetary value of time saved in the ap- 
plication, (2) unique nature of the experi- 
ence, (3) improved appearance of the 
product and (4) cost reduction or produc- 
tion increase resulting from application 
of positioning equipment. 

Winners will be selected by three im- 
partial judges, all of whom are well known 
in the welding field. Their names will be 
announced at a later date. 

Contest rules may be obtained by writ- 
ing the Pandjiris Weldment Co., 5151 
Northrup Ave., St. Louis 10, Mo. 


News of the Industry 


Short Courses on 
High-Temperature Properties 


A short course on High-Temperature 
Properties of Materials will be held at 
The Pennsylvania State University be- 
tween June 21st and June 25th, inclusive. 
Following this course one on Mechanics 
of Creep will be conducted between June 
28th and July 2nd. Authorities from 
industrial, governmental and educational 
institutions will give the lectures for both 
these courses. The programs are planned 
to give a broad coverage of high-tempera- 
ture properties of materials and mechanics 
of creep by including physical, metallurgi- 
cal and design aspects of these subjects. 
For further information, please write Dr. 
Joseph Marin, Department of Engineer- 
ing Mechanics, The Pennsylvania State 
University, State College, Pa. 


New Company 


Philip L. Edmonds and John R. 
Collins QS have formed a new company 
to process aluminum and all grades of 
stainless steel wire; cut, laver-level wound 
spools, and coils for inert-gas-shielded, 
semiautomatic and fully automatic ma- 
chine welding. 

The Collins-Edmonds, Inc., is located 
at 4041 Ridge Ave., Bldg. No. 25, Phila- 
delphia 29, Pa. 


Welding Fundamentals 


Dean Gordon B. Carson of Ohio State 
University College of Engineering has 
announced an enrollment of 70 in the 
University’s first Conference Course on 
Welding Fundamentals, which opened 
Wednesday, January 13th, on the campus. 

The heavy registration, representing 23 
industrial organizations, required addition 
of a second class section for the 8-week 
course, Dean Carson said, and no further 
applications wil be accepted for this ses- 
sion. 

The 3-hr weekly evening classes are 
being taught by staff members of Ohio 
State’s Welding Engineering Department, 
of which Prof. Robert 8. Green is Chair- 
man. Group leaders are Roy M. Me- 
Cauley and Dr. Nathan Spielberg. The 
course is being offered in cooperation with 
Ohio State’s Bureau of Special and Adult 
Education. 

“This program is part of the over-all 
policy of the College of Engineering to 
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leadership ability 


Hie is an active member of American Welding Society. 


He attends A.W.S. meetings on his own time. 


He reads publications devoted to welding. 


He studies weldment design. 


He is ambitious to succeed. 


He is advancing in his chosen field. 


He associates with “men of welding” in high and low stations. 


Intelligence and normal ambition to progress are bers of A.W.S. in your employ, we suggest you 


qualities every business requires of its leaders. pay special attention to their qualifications for 
These qualities are quite noticeable in every strata advancement. If your weld shop employees are 
of A.W.S. membership. If you have active mem- not active in A.W.S., we urge you to encourage 


them to join. 


Bere are 66 active local “Men of Welding” advance 


sections of A.W.S. covering the entire in their profession through 
United States. The 9,683 members of 
A.W.S. hold monthly technical meetings ing methods end praciiess. 


and plant visitations where they observe 
practical solutions to typical welding 
problems and study new welding 
methods. They receive accurate informa- 
tion on welding design, fabrication and 
maintenance through discussions with 
the best welding minds in the nation and 
authoritative printed reports. 


A powerful force in welding progress since 1919 
33 WEST 39TH STREET NEW YORK 18, NEW YORK 


can participate through AMERICAN WELDING SOCIETY, 33 West 39th Street, New York 18, New York 
Please send me more informa- 


e sustaining or support- tion on the personal and com- 
ing membership. Get the pany advantages of member- 


facts about A.W.S. ship in A.W.S. NAME 


FIRM_ ADDRESS 


STATE. 


TITLE 


CITY. 
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Here are the 


7 “MUSTS’ 


in selecting 
RESISTANCE WELDING HOLDERS 
2 
3 
a 
5 


Rugged. .. Long-Lived 


7 


on 
all 


counts... 


THE BEST! 


Yes, WW Alloys, Inc., 
Electrode Holders have 
proved time and time 


again to be the closest 


thing to an absolutely 
trouble-free resistance 
welding holder. They 
continue to set new rec- 


ords of performance .. . 
the most severe condi- 
tions in resistance weld- 
ing don’t faze them even 
after thousands of hours 


of trouble-free service. 
They're designed and 
built for the type of 
rugged duty you want 
them to perform. Learn 
more about these re- 


markable resistance 
welding holders. 


Send for free booklet of latest information 
on 


wag 


INC. 


Division of Fanstee! Metallurgical Corporation 
11644 Cloverdale Ave. + Detroit 4, Michigan 


render the greatest possible service to 
Ohio industry,’’ Dean Carson said. 

“The College desires that there be close 
cooperation,” he added, ‘‘between indus- 
trial organizations and the engineering 
college.” 

The conference course is designed to 
develop the technical background of super- 
visory personnel in the welding field, Pro- 
fessor Green said. 

Topics to be covered are metal proper- 
ties, welding metallurgy, weldability, codes 
and specifications, procedure and welder 
qualification, electrode classification, weld- 
ing symbols and joint design, welding 
equipment, distortion and residual stress, 
and testing and inspection. 


British Industries Fair 
Scheduled for May 


The British Industries Fair, Britain's 
annual show window of new trade products 
will be held this vear in London and 
Birmingham from May 3rd to l4th. 

Two thousand exhibitors representing 
nearly 100 different industries will demon- 
strate to home and overseas’ buyers a cross 
section of British production from confec- 
tionery to concrete mixers. Consumer 
goods will be shown at two halls in 
London—Olympia and Earls Court 
while heavy industry will appear at the 
giant exhibition hall at Castle Bromwich, 
Birmingham. 


Ill National Congress of the 
Institute of Welding (Spain) 


The Spanish Institute of Welding, which 
depends on the Patronato “Juan de la 
Cierva” for Technical Research, attached 
to the High Council of Scientific Re- 
searches, held its III National Congress 
from Nov. 10 to Nov. 14, 1953. Over 300 
persons participated. Nearly all the 
Spanish industrial firms interested in 
welding were represented at this Congress. 
Out of the 525 members the Institute 
has all over Spain, 234 were in attendance. 

The meetings took place in the Lecture 
Rooms of the Institute of Chemistry 
“Alonso Barba.” Mr. Villanova, Presi- 
dent of the Institute Council, welcomed 
the members and friends from home and 
abroad. Afterward, Mr. Miré, Director 
of the Institute gave a brief account of 
its activities since the last congress was 
held in November 1950, and read the 
program for the work to be done in the 
very near future. 

Technical sessions included the follow- 
ing groups: Technological Studies, Stand- 
ardization and Documentation, Metal- 
lurgical Studies, Tests and Measures, 
Hygiene and Security, Training, Informa- 
tion and Designs. 

Many films dealing with different as- 
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pects of welding were shown and lectures 
were delivered by the following specialists: 
Prof. Dr. Luis Bré—‘“Internal Frictions 
in Metals’; Dr. Ing.-hab. Alexander 
Matting—‘Recent Studies on Spraying 
Processes”; Celso Penche, Mines Engi- 
neer—‘The Problem of Weldability — in 
Resistance Electric Welding’; A. W. Tay- 
lor, Metallurgist Engineer of the Arce 
Manufacturing Co..“‘New Developments 
in Welding.” 

In the mornings of the 12th, 13th and 
l4th, the Congressmen visited the factory 
of “C.A.S.A” (Aeronautical Construc- 
tions) at Getafe; the factory under con- 
struction of “E.N.A.S.A.” (National 
Motor Trucks Enterprise) at Barajas; 
the permanent Exhibition of the Industry 
National Institute and the Laboratories 
of the National Institute of Aeronautica! 
Technique ‘Esteban Terradas,”’ at Tor- 
rején de Ardoz. 

In the evening of the 14th the members 
and guests were given a dinner at the 
Ritz Hotel. 


National Cylinder Gas Co. 
Announces Corporate Changes 


National Cylinder Gas Co. has simpli- 
fied its corporate structure. Two of fou 
wholly owned subsidiaries now operate 
as divisions and the corporate charters of 
the remaining two have been surrendered 
and their operations taken over by the 
parent company. 

Tube Turns, Inc., manufacturer of weld- 
ing fittings and forgings, with headquar- 
ters in Louisville, Ky., has become the 
Tube Turns division. Pennsylvania 
Forge Corp. of Philadelphia, producer of 
flanges, rings and heavy forgings, has be- 
come a division known as Pennsylvania 
Forge Co. The Hollup Corp. of Chicago, 
and National Cylinder Gas Co., Pacific 
Coast, have been dissolved. 

“There will be no changes in the or- 
ganization or method of operation of 
either Tube Turns or Pennsylvania Forge 
Co.,”’ Charles J. Haines, President of 
National, pointed out. ‘‘This streamlin- 
ing of our corporate setup should be help- 
ful in our expanded scope of operations,” 
he said. 

All officers of the two former corpora- 
tions have been re-elected to the same 
offices in the new companies. The princi- 
pal officers of Tube Turns are G. O. 
Boomer, President; J. G. Seiler, Execu- 
tive Vice-President; W. H. Girdler, Jr., 
J. A. Henby, and R. J. Landolt, Vice- 
Presidents; and O. O. Funk, Secretary 
and Treasurer. Officers of Pennsylvania 
Forge Co. are J. S. Kerwin, President, 
and W. T. J. Huggard, Secretary and 
Treasurer. Boomer, Kerwin, Seiler and 
Girdler are also directors of National, and 
Mr. Boomer is Chairman of the Executive 
Committee. 
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2 
3 internal cone seating surfaces 


instead of one external cone which is easily damaged... 


internal conical seat surfaces do it... — 


why | 


external cone — easily damaged internal cones — well protected 


Internally opposing conical seat surfaces are protected against external damage and they permit com- 
plete reconditioning by swaging—a process which, on other type tips, might close up all ports. Conical 
surfaces on the inside—as against outside seating surfaces make all the difference—to tip life—and to 
your pocketbook. 


And—the most modern tip drilling processes assure each and every gas passage absolute uniformity, 
freedom from distortion and accurate line-up. AFTER ALL, CUTTING TIPS DO COST MONEY— 
WHY NOT BUY TORCHES AND TIPS WHICH CAN SERVE LONGER. 


you won’t need to throw away so many cutting tips 


/ WELDING EQUIPMENT CO., San Francisco 5, California 
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These corporate changes follow the 
merger of National with The Girdler 
Corp., which took place on June Ist of 
last vear. Prior to the merger, National 
and Girdler shared equally in the owner- 
ship of Tube Turns, Inc., which owned 
all of the capital stock of Pennsylvania 
Forge Corp. At the time of the merger, 
Girdler became a division of National 
known as The Girdler Co. Henceforth, 
The Girdler Co., Tube Turns, and Pennsyl- 
vania Forge Co. will be operating divisions 
of National. 


Welding Castings 


It is often better to weld an unavoidable 
crack caused by “hindered contraction” 
of medium and large cast steel parts pro- 
duced in one piece in the foundry than to 
‘ast the part in two pieces and weld them 
together. This recommendation was 
made by Hubert Chappie, Foundry 
Superintendent, The National Supply Co., 
Torrance, Calif., in a paper presented re- 
cently to a local group of the Steel 
Founders’ Society of America. 

However, the invariably increased cost 
of making a part by welding two castings 
together may be justified in some instances 
because linear shrinkage can be held to 
the closest tolerance, the two parts can be 
spaced accurately before welding, and hot 
tearing is greatly reduced. 


Some methods of counteracting hot 
tearing are also much less desirable than 
welding a crack, it was pointed out. Mr. 
Chappie referred particularly to the use 
of cellulose materials and Southern Ben- 
tonite as ingredients of the sand in the 
molds to counteract expansion, and the 
resulting sand penetration into the casting 
surface which causes trouble in machining. 


Aluminum Brazing Movie 


A demonstration and explanation of the 
latest light-metal brazing techniques is 
offered to industry by Aluminum Com- 
pany of America in a new color movie. 

During the 22-min., 16-mm sound film, 
“New Horizons in Aluminum Brazing,” 
Alcoa offers the viewer a comprehensive 
glimpse of the advantages that brazing 
provides in the design and fabrication of 
aluminum products. The movie not only 
shows the viewer what can be done in 
joining parts by brazing, but shows him 
how to do it. Special assistance is offered 
in product design through Alcoa’s Process 
Development Laboratories. 

The basic aluminum brazing methods, 
each of which is explained separately in the 
film, are: torch brazing with a gas torch; 
furnace brazing where the furnace sup- 
plied the heat source; and dip brazing 
where the assemblies to be joined are 


AT THE FRONTIERS OF PROGRESS YOU'LL FIND 


Write for the name and address of the NATIONAL CARBIDE supplier nearest you. 


National Carbide Company 


GENERAL OFFICES: 60 EAST 42ND STREET, NEW YORK 17, N. Y. 


A DIVISION OF 


AIR REDUCTION COMPANY, 


INCORPORATED 
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dipped into a hot salt bath furnace filled 
with molten flux. 

Aleoa’s work in developing interesting 
new applications for the brazing process is 
well illustrated with such examples as a 
“sandwich” construction, brazed alumi- 
num automotive engine block and head, 
a brazed torque converter part and an 
outboard motor assembly. One example 
illustrates a brazed part made of alumi- 
num sheet and tube as well as cast, forged 
and extruded components. 

These examples show how 
Aluminum Research Laboratories 
Process Development Laboratories have 
teamed up to pioneer new brazing tools 
and methods. The film also outlines the 
methods used by these laboratories in 
helping manufacturers adapt brazing to 
their production. 

“New Horizons in Aluminum Brazing” 
ean be borrowed for group showings. 
Requests for prints should be made on 
business letterhead to Motion Picture 
Section, 854 Alcoa Building, Pittsburgh 19, 
Pa. 


Alcoa’s 
and 


Movie on Atmospheric Gases 


A new 16-mm color motion picture with 
sound entitled “Whatever We Do’’ has 
just been produced by Air Reduction. 
It is a basic documentary film about the 
atmospheric gases—oxygen, nitrogen, ar- 
gon, helium and the other rare gases, 
covering their key uses in industry, and 
the numberless ways they appear in our 
daily lives as parts of familiar products. 

The story of how gases in pure form are 
separated individually from the air is de- 
scribed with the assistance of detailed ani- 
mation. Also, there are views of the huge 
buildings and massive pieces of machinery 
required to separate, store and package 
these invisible elements. Dependability 
and flexibility, the main advantages of the 
Airco bulk-delivery system, are demon- 
strated by tracing a shipment of gases to 
a customer’s plant. 

Some very dramatic photography illus- 
trates the role of these gases: oxygen in 
steel refining and in life-saving hospital 
oxygen tents; oxygen or inert gases in the 
welding and cutting of metals for today’s 
automobiles, airplanes, ships, trucks and 
trains; neon for electric signs; argon in 
incandescent light bulbs; helium for 
lighter-than-air-craft; nitrogen in nylon 
manufacture, food packaging and testing 
telephone cables, and a host of other uses 
are clearly explained and vividly pictured. 

“Whatever We Do” is not a technical 
film. It was produced to explain, in an 
easy to understand fashion, the manufac- 
turing process and distribution system in- 
volved in the marketing of atmospheric 
gases. This is augmented by many 
examples of the interesting and ever widen- 
ing applications for these gases. The film 
is ideally suited for projection at sales 
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the trade marks 


£-Turn” are applicable only 


to proddcts of Tuse Turns, 


HE TUBE-TURN Welding Neck Flange is the preferred choice 
for most severe piping services—resulting from high pres- 


sures, temperature extremes, or numerous fluctuations of sub- 
* stantial amount in either temperature or pressure or both. Due 
to its long-tapered hub which affords a smooth transition in 
thickness, the welding neck flange assembly has an endurance 


strength equal to that of pipe joined by butt welds. 
You can fill all your requirements for Welding Fittings and 
for endurance Flanges from TUBE TURNS’ complete line. For prompt, efficient 
service, call your nearby TuBE Turns’ Distributor. You'll find 
one in every principal city. 


The Leading Manufacturer of Welded Fittings and Flanges 


q KENTUCKY 


A Division of National Cylinder Gas Company 
DISTRICT OFFICES: NewYork © Philadelphia © Pittsburgh Cleveland Chicage Denver Les Angeles 
Son Francisco © Seattle Atlanta Tulsa Houston © Dallas Midland, Texes 


TUBE-TURN 
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YOUR NEEDS in welding fittings and flanges are met 
efficiently and quickly by your nearby TUBE TURNS’ 
Distributor. There are more than 4000 items in the 
complete line of TUBE TURNS’ products. Example: car- 
bon steel elbows from 1/2" to 42” diameter as shown. 


SIMPLIFIES JOB. The uniform wall thickness and true circularity of TUBE-TURN Welding Elbows 
makes possible accurate fit-up when cut to odd angles for jobs such as the 16” gas line shown. 


Your problems solved by 
TUBE TURNS’ ENGINEERING SERVICE 


j™ 20 MOLES 


TUBE TURNS, Dept. O-2 
224 East Broadway, Louisville 1, Kentucky 


Company name 


Company address 


City Zone _____ State 


Your Name — 


Position 


OST FLANGE NEEDS in industrial piping are 

filled by TuBse Turns’ ASA line of various 
types, sizes and materials. However, there are many 
exceptions . . .“specials” such as these: (1) lens 
ring flanges for use at 5300 psig and 400°F, with 
test pressure of 10,600 psig; (2) flanges in sizes 
from 14” through 72” for use at 30 psig and 400°F 
max.; (3) 2” flanges for high vacuum service at 
400° F —950°F, and (4) various complex sheet 
tube flanges. 

A “special” example is shown at the left, devel- 
oped by TuBE TurRNs’ Engineering Service Division 
for E. L. Wiegand Co., Pittsburgh. It has 84 holes 
for heating elements. Flanges must withstand 
hydrogen-nitrogen mixture at 1000 psig at 750°F 
and 3000 psig at atmospheric temperature. 


TUBE TURNS IS AT YOUR SERVICE! 


DISTRICT OFFICES 


New York Midland 
Philadelphia Tulsa 
Pittsburgh San Francisco 
Cleveland Los Angeles 


Chicago Seattle 
Houston Atlanta 
Dallas Denver 


and “TUBE -TURN” 
Reg. U.S. Pat. Off. 


TUBE TURNS 


LOUISVILLE 1, KENTUCKY 
A DIVISION OF NATIONAL CYLINDER GAS COMPANY 
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Extreme light weight of aluminum alloy body and handle gives 
fine balance, increases operator efficiency and production. Ex- 
clusive Rego handle construction gives high rigidity and strength. 
Easy-turn valve wheels, non-seizing monel metal valve stems. 
Mixers assure perfect gas mixtures, eliminate flashbacks 
and leaks. Pure copper tips are mirror burnished inside 
to provide non-turbulent, soft flame with high con- 
centration of heat. Other construction features 
assure long, trouble-free life with safe 
operation. 


KX CUTTING TORCH 


This torch also shows the results of Rego's quality construction. 
Valve body of heavy forged brass. Tubes are of stainless steel in 
rugged triangular construction that really stands abuse. Head 
is of heat resistant stainless steel and resists scoring action 
of grit. Tip and mixer combined in one, therefore 
mixer is individually correct for each tip. Choice ' 
of 75° or 90° head. \4 
\ 
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OUTFIT NO. 71K 


All-purpose, heavy duty indus- 
trial combination for welding and 
cutting. Includes GX Torch Handle, 
four GX tip assemblies, two Rego 
Two-stage regulators, easy-con- 
nect cutting attachment with cut- 
ting tip, hose, wrenches, lighter 
and goggles. 


*T. M. of the B. B. Co. Chicago 
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Cutting Equipment 


PRODUCTIVE...ECONOMICAL...SAFE 


safe in use—factors that will reflect favorably in your pro- 


Thousands upon thousands of plants and shops the coun- 


try over are using productive, profitable, time-and-money- duction and cost records. And these factors explain why 
saving Rego equipment in their oxy-acetylene welding and Rego has been so highly regarded in the industry for so q 
cutting operations. You will find this equipment superior many years. See Rego equipment at your nearest NCG : 


in handling and operating characteristics, dependable and branch or authorized NCG dealer. Or use the coupon below. 


REGO TWO-STAGE REGULATOR 


Built to provide unvarying working pressures, easy adjustment, and 
long, trouble-free life. Rego two-stage design maintains pressure 
uniformly, unaffected by dropping cylinder pressure. The way the 
regulator is set is the way it stays. Compound springs permit very 
fine pressure adjustment. Body and bonnet of heavy forged bronze. 
Cartridge filter strains out rust and dirt and radiates recompression 
heat rapidly and harmlessly into body. Automatic safety relief valve. 


BANTAM’ WELDING TORCH 


An amazingly efficient torch for a wide 
range of light metal welding: aluminum, 
alloys, steel from 28 gauge to ¥%”". 
Featherweight yet durable. 


CUTTING ATTACHMENT 


Use with any Rego GX torch 
handle. Double duty at minimum 
outlay. Durable bronze alloy 
head and tubes. Range of tips 
cuts steel up to 6” thick. 


NATIONAL CYLINDER GAS COMPANY J 
840 N. Michigan Ave., Chicege 11, iil, 


Rush me catalog and price list on REGO Appa- 
ratus and Outfits for welding and cutting. 


EVERYTHING FOR WELDING 


NATIONAL CYLINDER GAS COMPANY 


| 

840 N. Michigan Ave., Chicago 11,1. 
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REGO ECONOMIZER¢ 


Gives automatic shut off when 
you hang torch on hook. Relights 
by passing tip over pilot light, to 
previous flame setting. Saves gas, 
saves time. 


COMPANY 


ADDRESS. 


CITY ZONE STATE 


| 

~ ~ 


meetings, employee training sessions, 
management development meetings and 
as an extra selected short subject at tech- 
nical and employee group meetings. Run- 
ning time is 23 minutes. 

The film may be borrowed from any Air 
Reduction district office or by getting in 
touch with Air Reduction Sales Co., 60 E. 
42nd St., New York 17, N. Y. 


Eutectic Appoints 
Robert H. Groman Director 


Robert H. Groman, Divisional Sales 
Manager for Eutectic Welding Alloys 
Corp., has been promoted to the position 
of Director of Applied Welding Engineer- 
ing. He succeeds Helmut Thielsch who 
previously held this position. 

R. H. Groman has been with the cor- 
poration over nine years. He started as 
Field Engineer, became District Manager, 
Divisional Sales Manager and has now 
been promoted to his present position. 

His wide experience in welding engineer- 
ing eminently fits him for the post and his 
knowledge of industrial problems will be 
of material help in making recommenda- 
tions. 

Mr. Groman is versed in all fabricating 
processes; is an expert in the field of tool 
and die fabrication and repair; is familiar 
with manufacturing processes, production 
welding and maintenance operations. He 
is author of many technical papers and is a 


well-known lecturer on the theory and 
practice of welding. He is a member of 
the AmeRIcAN WELDING Society and the 
American Society for Metals. 


Modern Handling Technique 


This welding positioner, being used in 
the welding of transformer coolers, is an 
example of the many modern handling 


techniques at the General Electric Co.’s 
new transformer plant at Rome, Ga. 
With the positioner, cooler assemblies 
can be moved in many ways around both 
vertical and horizontal axes, enabling a 
welder to continue downhand welding on 
any part of the cooler assembly. The 
positioner can be adapted for different 
type assemblies. Its head, containing 
the gearing, can be adjusted for different 
heights. 


Designed to carry the high currents necessory for intense heal, 
BBB Keen-Arc Carbons produce a fine-grained weld of high 
tensile strength. They give a smooth, steady “flowing” flame 
which does not wander and which is concentrated at the desired 
focal point. Flame temperature is easily and accurately adjusted 
by merely changing the ampere input, and heavy copper coating 


UNITED STATES 
TESTING COMPANY, INC. | 


INSPECTION and TESTING of 
Welding and Weldments 
QUALIFICATION of 
Procedures and Operators 


Main Laboratories 
Boston - Chicago - New York - Philadelphia - Providence 


Hoboken, N. J. 


permits gripping at extreme ends—eli 
odic resetting. 


A COMPLETE LINE OF CARBON WELDING SUPPLIES including carbon 
and graphite electrodes, carbon rods and plates, welding paste, etc. 


Write for catalog. 


3450 South 52nd Ave. 


BECKER BROTHERS CARBON CO. 


Cicero 50, Illinois 


quent and peri- 


WELDING and ASSEMBLY PLATENS 


Floor plates —- bending tables — layout tables —— 
straightening tables -- dog blocks —— bending blocks 

blacksmith blocks. 
— 5’x10’ — 6’x12’ — 3’x3’ — either 6” or 7” thick. 


STAHL EQUIPMENT CO. 


94 Washington St. Brookline Village 46, Mass. 


5'x5’ — 6'x6’ — 6’x8’ — 6’x10’ 
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SEVEN DIFFERENT 


RODUCTION OPERATIONS 


x4 ¢ ( (>t 
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WELDER 


Versatile Sciaky Standard Three-Phase 
Projection Welder Sharply Reduces Tooling Costs 


With typical efficiency, Moloney Electric Company 
uses a minimum number of Sciaky machines for a 
maximum number of welding operations. 


After careful study, Moloney found Sciaky electric 
resistance welding offered many advantages over 
other methods of fabrication. Sciaky patented 
Three-Phase principle of operation provided 
automatic compensation for variation in material 
thickness, piece-part configuration, and fit-up 

to improve weld quality and machine versatility. 


Only Sciaky Three-Phase characteristics of 
balanced line load, high power factor, and 75% 
current reduction permitted such extensive use of 
resistance welding with existing power supply. 


Now Moloney pressure-tight transformer tanks, 
from 10” to 30” in diameter, and 21” to 54” in rad 

height, are fabricated almost completely on Sciaky 
Three-Phase welders. 


*Sciaky type PMCO 2T Three-Phase Projection Welder 
joins seven different parts to Moloney Transformer 


For complete details on the efficiency and Tanks. A two-switch foot pedal provides immediate 
economy of Sciaky resistance welding at selection of preset heat and pressure sequences for 
Moloney, write for “Resistance Welding at Work”, different welds without removing tank from welder 


Volume 3, No. 7. or stopping production to reset controls. 


Largest Manufacturers of Electric per 
Resistance Welding Machines in the World ——I AK XY. 


4919 WEST 67th STREET, CHICAGO 38, ILLINOIS 


Plants: Chicago * London * Paris Sales Offices: Chicago, Ill. * Buffalo, N. Y. * Cleveland, Ohio * Dayton, 
Ohio ¢ Detroit, Mich. « Ft. Worth, Texas * Hollywood, Calif, New York, N.Y. * Philadelphia, Pa. * Washington, D.C. 
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Welding Electrode 


A new, easier to use, low-nitrogen, steel 
electrode with characteristics appealing 
especially to manufacturers and contrac- 
tors experiencing difficulty in obtaining 
men having high are welding skills, is an- 
nounced by All-State Welding Alloys Co., 
Ine., White Plains, N. Y. 

No special are length is necessary as 
the are gap is noncritical or, more de- 
scriptively, the are length is automatic. 
Hence, there is no conventional striking of 
the are. Contact with the grounded work 
is sufficient, regardless of position. 

The new product is identified as All- 
State Monoweld No. 1 Special Electrode. 
It is described as an all-position a-c, d-e 
(reverse polarity) rod for use on carbon, 
low-alloy and high-strength steels, low- 
and medium-carbon cast steels and cold- 
rolled steel, and is said to be advantageous 
on high-speed thin sheet welding and in 
spot welding. Physical characteristics 
of the deposited metal are listed as 75,000 
psi tensile, 65,000 psi yield and 27% 
elongation in 2 in. 

Monoweld No. 1 conforms to the AWS- 
ASTM Specifications A233-49T for E- 
6013 Class and measures up fully to AWS 
6013 and 6012 while giving full filleting 
and deep penetration of AWS 6010 and 
6011. Further claims are: Practically 
zero splatter loss, near elimination of un- 
dercutting and highest deposition rate. 


Safety Goggles 


Available with clear or green curved 
lens, these new, low-cost Welsh-guard 
safety goggles are ideal for semihazardous 
operations such as spot welding, buffing, 
woodworking, inspection and hand _ tool 
operation. They are recommended also 
for protection of prescription goggles and 
use by plant visitors. 


Attractive acetate frame with full-vision 
spatula temples can be worn for full 8- 
hour day. Since no metal touches skin, 
maximum comfort is assured. Nonre- 
placeable lens have excellent optical 
qualities. Complete details are available 
from Welsh Manufacturing Co., 9 Mag- 
nolia St., Providence, R. T. 
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Novel Key Chain 


An attractive and useful key chain, 
strung through a standard l-in. KSM 
welding stud, is being offered free to de- 
sign and construction engineers, welders 
and others interested in stud welding 
and its money-saving applications 
throughout industry. Any request to 
KSM Products, Inc., Merchantville, N. J., 
will bring the “Stud Welder’s Key Chain” 
without obligation. 


PRECISION CENTERED 
souo 


Besides its obvious usefulness, the key 
chain gives its owner a sample KSM weld- 
ing stud with its extra strength due to rolled 
threads and its precision-centered solid 
flux that assures a good weld every time. 


Dual Tools 


Atlas Welding Accessories Co., 707 E. 
Lewiston, Ferndale (Detroit 20) Mich., 
has re-engineered its standard models A 
and AW “Dual Tools.’’ These double- 
purpose weld cleaning tools, used widely 
throughout industry, have been made more 
durable and easier than ever to use. 

The brush is now pitched at an angle 
to the handle, making it easier to apply 
the whole surface of the brush to the weld 
without scraping the knuckles along the 
work. This feature has the added advan- 
tage of causing the brush to wear more 
evenly and last longer. The frame which 
holds the brush and handle is of heavier 
gage steel and ribbed for additional rigidity 
and the chisel is welded to the frame and 
handle instead of riveted as in the past. 

The double tension spring that secures 
the brush in the frame is so designed that 
simply by pulling it back, the brush can 
be replaced or reversed. 

The new ‘‘Dual Tools’ are now equipped 
with a hand guard at the base of the 
grip which serves both as a surface against 


New Products 


which the worker can push when brushing 
without jamming his fingers and to hold 
the handle clear of the bench when the 
tool is laid down, making it easier to pick 
up. 

Model A is equipped with metal handle 
and model AW with wood handle. Like 
all 27 Atlas tools, they are sold exclusively 
through welding supply dealers. 


Stud-Welding Unit 


A new heavy-gage welded steel portable 
chest, compartmented to hold KSM stud- 
welding equipment, is now offered by KSM 
Products, Ine., Merchantville, N. J. A 
control unit, gun, electrical extension 
cords, tools, accessories, miscellaneous 
parts, and work orders or other papers 
relative to stud-weiding jobs will fit con- 


veniently and snugly into allotted com- 
partments. Heavy-duty handles welded 
to each end are located for perfect bal- 
ance of loaded chest. The chest, finished 
in bright red baked enamel with both 
name and data plates, is 36'/. x 15x 17 in. 
Full-length welded piano hinge and two 
padlocking hasp-latches secure lid firmly. 
Specification sheet and other information 
on request. 
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Offset Forming Machines 


Illustrated is the newly designed line of 
Reed offset forming machines. These ma- 
chines are used for joggling or offsetting 
the end of tank shells and pipes for subse- 
quent assembly of welding heads or other 
shells. The joint thus produced provides 
an excellent backing for automatic welds 
and greatly facilitates assembly of the 
parts involved. The new style turntable 


illustrated permits rotation of the 


work, also permits rotating of the work end 
to end and movement of work into and 
out of the machine by means of the car- 
type turntable with built-in rails and 
wheels. This machine is now offered in 
three models, Model M-2, capacity up to 
'/, in., Model M-4, capacity up to */s in. 
and Model M-5, capacity up to '/2 in. 

The Reed Engineering Co., 1003-17 
W. Fairview Ave., Carthage, Mo. 


Generator Supplies Large 
Volume of Acetylene 


A continuous, dependable supply of 
medium-pressure acetylene is delivered at 
a constant output pressure by Oxweld 
NA-7 Acetylene Generators. The NA-7, 
developed and introduced by Linde Air 
Products Co., a Division of Union Carbide 
and Carbon Corp., produces high-quality 
acetylene—at rates up to 9000 cfh. It 
generates just enough gas to meet the im- 
mediate demand from consuming equip- 
ment, even though this demand fluctuates 
over a wide range. This is accomplished 
by two unique features: (1) a double hop- 
per carbide supply, and (2) a variable 
speed drive for the carbide feed screw. 

Two hoppers, one above the other, 
supply carbide to the feed screw in such a 
way that operations are never interrupted. 
The upper hopper serves to replenish the 
carbide supply in the lower hopper. It 
can be recharged while the lower hopper 
continues to supply carbide through the 
feed screw to the generating chamber. 

Any desired output pressure between 
8 and 13 psi can be preset on a convenient 
pressure controller. pneumatic-me- 
chanical linkage between the pressure con- 
troller and the variable speed drive of the 
carbide feed screw automatically regulate 
the rate of generation by regulating the 
speed of the feed screw. Thus there is 
always a continuous supply of acetylene, 
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delivered at a constant pressure, to meet 


exact requirements. Since surplus 
gas is generated, all problems of gas stor- 
age are eliminated. 

The NA-7 operates with a minimum of 
attention and maintenance, Automatic 
controls regulate carbide feed, water level, 
fresh water supply, temperature, pressure 
and discharge of water and residue. One 
man can operate the NA-7 with a mini- 
mum of physical effort. 

Every important safety feature is auto- 
matically controlled. If water levels or 
temperature deviate from prescribed limits 
the generator shuts off. A hydraulic back 
pressure valve prevents any reverse flow 
from the service line. The NA-7 has been 
accepted by the Underwriters’ Labora- 
tories, Inc., for listing under its Re-exami- 
nation Service. 

Acetylene generated by the NA-7 is 
pure enough for use in all oxy-acetylene 
flame equipment and many chemical 
processes. No auxiliary equipment, other 
than that required for carbide charging, is 
necessary with this generator. It is sup- 
plied as a compact, skid-mounted, pack- 
aged unit. Over-all size of the NA-7 
is only 10'/, ft long by 6 ft wide by 13'/2 
ft high, 


Chipping Hammer Line 


A line of all-metal welders’ Chipping 
Hammers has been added by the Therma- 
cote Welding Products Co., Inc., Newark 
N. J., well known to the trade for their 
Triple-Duty Cover Lens. 


New Products 


Good 


welding machine 
users 


WELD™ 


spot-welding tips 
cut costs, downtime; 
increase production 


Ampco Weld spot-welding tips 
can take it. Manufactured un- 
der rigid laboratory control at 
Ampco’s own plants, they resist 
mushrooming and wear and 
their high electrical conductivity 
minimizes sticking to the work. 

This outstanding combination 
of properties results in a resist- 
ance-welding electrode that re- 
quires fewer dressings and pays 
off in longer runs, reduced 
downtime, lower costs. 

Ampco Weld tips are only 
part of a complete line of re- 
sistance-welding products, not 
only meeting but exceeding 
RWMaA specifications, Ampco 
Metal, Inc. gladly furnishes 
engineering service for special 
applications. Step up your pro- 
duction — order Ampco Weld 
resistance-welding tips now, 


*Reg. U. S. Pat. Off., Ampco Metal, Inc. 


7 Ampco Metal, Inc. 
Milwaukee 46, Wisconsin 
West Coast Plant: Burbank, Colifernia 


lt’'s production-wise to Ampco-ize! 
Rw-s 
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Available in 3 models, these all-steel 
chippers offer the welder a hammer that 
is easier to use because it weighs a full 14 
oz and has a large coil spring handle that 
remains cool for a more comfortable grip. 
The plated heads are of heat-treated alloy 
steel to remain sharp longer, to give a 
greater number of resharpenings and to 
resist rust and the adherence of weld 
spatter. 


New Carbide Screw Elevator 


For efficient recharging of its large, 
double-hopper NA-7 acetylene generators, 
Linde Air Products Co., a Division of 
Union Carbide and Carbon Corp., has 
developed a special carbide screw eleva- 
tor. The elevator provides a smooth de- 
pendable flow of carbide from the carbide 
storage room to the NA-7 generator. 

This elevator feeds */, in. by D or 
smaller carbide to the receiving hopper at 
a rate of approximately 200 Ib per min. 
When the hopper is full, a current-type 
relay in the electrical circuit automatically 
shuts off power. By merely turning a 
switch, the operator starts the recharging 
process over again. Fittings are available 
so that carbide from either drums or 5- 
ton rectangular bulk containers can be 
used. 

An atmospheric vent on the screw hous- 


ing provides an automatic safe guard. 
Air is efficiently excluded from the gen- 
erator hopper during the recharging proc- 
ess. The base of the unit is positioned 
at generator floor level, and extends at a 
45-deg angle to the hopper inlet. It is 
approximately 18 ft long and fits easily 
into a one-story building. 


D-C Rectifier-Ty pe Welder 


A new 400-amp, three-phase, d-c rec- 
tifier-type welder with a 60% duty eycle 
has been announced by the General Elee- 
tric Co. Welding Department. 

Designated as G-E Type WR40A, the 
new welder can be equipped to operate 


YOU CAN ~ if you use... 


MANGANAL 


US. Patents 945 


11%-131/2% MANGANESE - NICKEL STEEL 
AC-DC WELDING ELECTRODES 


on a two-phase power and has a current 
welding range of 70 to 500 amp. It can 
be utilized with a variety of electrode sizes 
for repair, maintenance and construction 
work. 

According to company engineers, the 
selenium rectifier welder makes it easy 
for operators to achieve current adjust- 
ments by means of a stepless current con- 
trol. Quiet operation is a feature of the 
welder, and maintenance is simplified 
since the unit’s side pieces are easily re- 
moved, they said. 

Instant are welding is assured since 
there is no inductive time lag as usually 
found in motor-generator sets. Because 
of the high current produced by the six 
parallel-path selenium rectifiers in the 
new unit, stable ares and resulting 
smoother welds are made possible. 


General Electric’s new 400-amp, 

three-phase, d-c, rectifier-type welder 

has a 60-per cent duty cycle and can 

be equipped to operate on two-phase 
current 


Since there are few moving parts to 
wear out, maintenance expenses are re- 
duced, according to the engineers. Class 
H (silicone) insulation gives extra protec- 
tion against high temperatures and is 
moisture, fume and chemical resistant. 

To further protect the coils and cool 
the rectifier stacks, a reversible 14-in. 
forced-draft fan, rated for continuous 
service, provides proper ventilation and 
prevents hot spots. The cooling system 


Gives you all the advantages of tough, 
ductile Manganese-Nicke! Steel 

weld deposits yet runs as easily as 
stainless or mild steel electrodes. 

Not a composite rod. 


Alloys in rod, not coating. 
Contains Nickel, not substitutes. 


Write for literature. 


operates on an updraft principle, taking 
cool air near the floor and preventing the 
recirculation of exhausted hot air that is 
continually rising. The life of rectifier 
stacks can be prolonged by means of the 
self-cleaning action obtained through re- 
versing fan operation periodically. 

The new G-E welder is operable on 
220/440 v reconnectable to either voltage. 
It is also available with full-time are force 
control which minimizes popouts and 
freezing-in. 

The unit is 35 in. wide, 26 in. deep, 
47 in. high overall and weighs 660 lb. 


NEAREST DISTRIBUTOR 
UPON REQUEST 
te 92 N. J. RAILROAD AVE. NEWARK, N. J. 
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longer die 


increased production, 
lower costs, with 


REXWEL 


hard surfacing 
welding rods 


Consolidated Industries, Inc., West Cheshire, Connecticut, greatly 


Aircraft housing bearing 
forged of Rem-Cru RC 70 
titanium. (A) Trim die; 
(B) Forging. 


increased die life and lowered production costs by hardfacing hot trim 


dies with Crucible REXWELD. 


Rexwelded dies give higher edge strength at elevated temperatures, 
resist chipping and deformation, and keep clean, sharp cutting 
edges .. . all of which means longer, more efficient service from an 


expensive die. 


Rexwelding reduces rejects to a minimum, too. This is particularly 


important when working alloy steel or critical material such as 


the highly stressed aircraft housing bearings shown above. These 


were produced from Rem-Cru RC 70 Titanium to close tolerances. 


Use REXWELD for all your hard surfacing jobs. Surfaces can be 
Rexwelded many times — greatly increasing the service life of the part. 
REXWELD Hard Surfacing Rods are available in both bare rods 
and low hydrogen coated electrodes, in a wide selection of grades 


and sizes to fit your specific application. 


|CRUCIBLE| first name in special purpose steel 
5A years of (Fine strolmoking  REXWELD HARD SURFACING ROD 


CRUCIBLE STEEL COMPANY OF AMERICA, GENERAL SALES OFFICES, OLIVER BUILDING, PITTSBURGH, PA. 


REX HIGH SPEED * TOOL *  REZISTAL STAINLESS * ALLOY © MAX-EL MACHINERY © SPECIAL PURPOSE STEELS 
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The Inquiring 
Weldor 


BY JOHN WILSON 
Question: Has industry profited full 


from the 


revolutionary advances made in welding during 
World War Il? 


Al Floyd, Pine Bluff, Arkan- 
sas. It doesn’t seem so, from 
what other weldors tell me. 
In my job as foreman of an 
arsenal service and engines 
ing shop we're still finding 
an open mind about new 
non-fusion welding solves 
just about every problem. 
) aa a few days ago we cut 
reak-downs on powder ram 
tips by 800°! Powder is 
‘packed into these rams under 75,000 Ibs. pres- 
sure. We'd been sweating on beryllium copper 
tips with silver solder but about 30 of them would 
come off every day. A Eutectic District Engineer 
suggested we build up complete tips with Bronzo- 
Chrom 186. We did, tested the first ones we 
welded and they checked out Rockwell B 105 to 
109. Let me ask you a question — how many in- 
dustries are saving 800%? 
Question: Can you think of a particular job where 
welding is saving big money? 
George Blackburn, Pitts- 
burgh, Po. Recently, here at 
the Pittsburgh Press, we 
saved a $750,000 press and 
met a tight color printing 
deadline by welding a 4,000 
Ib. shaft made of low content 
carbon steel. No provision 
had been made during instal- 
lation for removing this roll. 
Using patented EutecRod 
16FC and Eurector Flux 16B 
we welded the grease and ink covered break in 
one hour and 45 minutes without oa the 
press. We used | about two inches of welding 
rod. The total cost for — the press was less 
than the five cents a reader would pay for one copy 
of the newspaper. After years of welding, that's a 
record saving. 
Question: What is true economy in welding? 
ohn F. Hines, Branford, 
Conn. As a Steel Foundry 
welding Supervisor that's a 
aad question to ask me. 
pairing steel castings can 
require equipment worth 
thousands of dollars and 
highly skilled men. Foundry 
burning can mean melting 
rather than cutting or burn- 
ing out, with 4 more metal 
removed. But new oxygen- 
less cutting electrodes like Eurectic’'s CutTrode and 
ChamferTrode combined with SreelTectic have 
uced casting repairs 30% in cost. Too often, 
a new material may cost a little more per pound 
— but it eliminates much grinding, chipping, 
welding and gives you a better finished job. 
Question: Are the unique non-fusion welding 
materials applicable to production welding and 
automation: 
lohn H. Morton, Baltimore, 
Md. The best answer I have 
comes from Eutectic on 
their EutecRod 1801. With 
an automatic soldering 
machine operation over six 
months we averaged four 
soldered assemblies a min- 
ute while joining perma- 
ment magnet alloys to cold / 
roll steel. We got 1920 
units per day, an increase 
over our old method of 600°%. Our labor cost 
came down from .04 per unit to 3/10 of a cent 
and we had no rejects. Our Methods Department 
had decided this magnet assembly operation was 


te one of the largest bottlenecks in the plant. We 

ta are gratified to see management siniling again. 

EUTECTIC LOW 
TEMPERATURE WELD- 


ING ALLOYS clear up 
welding headaches . . . mini- 
mize warping, distortion, stresses 
and embrittlement. For time and money 
saving help on welding steels, aluminum, 
cast iron ...and all ‘problem’ alloys at 
temperatures below base metal melting 
points...and for stronger, sofer production 
and maintenance welding just write ‘‘Weld- 
ing Dota Bank’’ for your free copy of ‘1954 
Welding Data File’ on your jobs. 

Copyright 1954 


EUTECTIC WELDING ALLOYS CORP. 
i 40-40 172nd Flushing, 


Combination A-C Are Welder, 
A-C Power Plant 


With an eye to the needs of many farms, 
builders, contractors and who 
depend upon electric power for many 
purposes, The Hobart Brothers Co., 
Troy, Ohio, is announcing a newly de- 
signed combination power plant and are 
welder. 

Pioneering in combination arc welders 
and power plants, the Hobart Engineers 
have come up with an ingenious selector 
panel in conjunction with a standard con- 
trol panel to make this machine the most 
versatile power unit available today. 
By removing only two wing nuts the selec- 
tor panel can be moved to any one of 
three locations to provide 60 to 80 v for 
welding, 110-v power or 220-v_ power. 
After the selector panel is moved to the 
desired output marked on nameplate the 
unit automatically provides the proper 
current characteristics for that purpose. 
When used as a power unit, the generator 
will provide 110-v, single-phase, 2-wire, 
60-cycle alternating current or 220/110-v, 
single-phase, 3-wire, 60-cycle alternating 
current. Power factor is 80%. Also 
available with 50 cycle output at slight 
extra cost. 

When used as an are welder with the 
output selector panel in welding position, 
it makes available 60- to 80-v alternating 
current, with reactor in circuit to insure 
excellent welding characteristics. Cur- 
rent adjustment is accomplished by means 
of the large hand wheel on the control 
panel, which operates the main range 
switch of heavy copper moulded in bake- 
lite. Volt-ampere adjuster is also lo- 

cated on the control panel. 

The generator is powered by a Wiscon- 
sin 4-cylinder air-cooled engine with 
magneto ignition or hand crank starting. 
It is equipped with a fly-ball type gover- 
nor that maintains a constant speed of 
1800 rpm. 

In this dual purpose machine you not 
only get a full capacity 200-amp a-c arc 
welder, but an a-c power unit that will 
supply sufficient power to operate fifty 
100-w lamps (or their equivalent) regu- 
larly or as an emergency ‘“‘standby”’ power 
source. The unit can also be used to 
operate electric drills, grinders, saws, 
hammers, compressors, paint sprayers and 


others 


New Products 


other electric-motor-driven equipment. 
For complete information, write Hobart 
Brothers Co., Troy, Ohio. 


Contact Welding Electrode 


A new contact electrode providing high- 
speed welding and great operator appeal 
has been announced by the General Elec- 
tric Co. Welding Department. 

Best suited for work on mild and me- 
dium carbon steel, the new rod is ideal for 
welding machinery, low-pressure storage 
tanks and light structural work. 

It is suitable for many welding opera- 
tions requiring AWS Classes £6012 and 
£6020 electrodes, according to company 
engineers. 


Company's 


Electric 
Welding Department has announced 
anew contact electrode that provides 
both high-speed welding and operator 


The General 


appeal. The new product is ideal for 
work on mild and _—- carbon 
stee 


The relative high-speed quality of the 
new electrode was established in the G-F 
welding research laboratory, where en- 
gineers conducted a series of actual work 
tests. Results showed that the new prod- 
uct consistently produced a higher rate 
of weld footage than conventional elec- 
trodes. 

G-E engineers said that ‘more metal 
is deposited per unit of are energy with 
this type electrode than any existing cov- 
ered electrode.”” They added that the 
quantity of deposited metal even exceeds 
some manual automatic processes. 

Encased in a trutile-type covering en- 
riched with iron powder, the new elec- 
trode can be used effectively on horizontal 
and flat position fillets and laps, single- 
and multiple-pass butts, and deep grooves 
and cover passes on multiple-pass butt 
welds. 

Since the electrode is of the contact type, 
less physical effort is expended in welding. 
For the same reason, less welding skill 
is required of the worker. 

The contact electrode develops up to 
80% less spatter than other welding rods 
and resultant weld slag is easily removed 
by a light tap, the engineers said. 


AWS National Spring 
Meeting 
Buffalo, N. Y. May 4-7, 1954 
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BRAZE WELDING 


CONVEYOR DRIVE 
SPROCKET that was re- 
paired by braze weld- 
ing with ANACONDA- 
997 (Low Fuming) 
Bronze Rods in only 
7 hours. Braze welds 
made with these rods 
are clean and strong 

. require little fin- 
ishing. 


SAVED: one ex 


pensive drive sprocket 


53 operating days 


Replacement of this fractured con- 
veyor drive sprocket would have meant 
a two-month wait for delivery . . . and 
considerable expense to its smelting- 
plant owners. An inexpensive braze- 
weld repair had it back in operation 
in a matter of days. Job time was only 
7 hours—4 in preparation, 3 in weld- 
ing. Twenty pounds of “6” and \” 
ANACONDA-997 (Low Furning) Bronze 
Welding Rod were used. 

Owner Walter Shanowsky, Univer 
sal Welding Co., Rochester, N. Y., re- 
ports that ANACONDA-997 (Low-Fum- 
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ing) Bronze Rod gave a fast, sound 
weld, These rods ‘tin’ readily, flow 
freely and have good tensile strength. 
They melt at relatively low tempera- 
tures . . . work requires less preheat- 
ing, so danger of warping or cracking 
is minimized. 

Universal buys all its ANACONDA 
Welding Rods from the Welding Sup- 
ply Corp. in Rochester. ANACONDA 
Welding Rods for almost every type 
of repair and production job are avail- 
able from distributors throughout the 
United States and Canada, For latest 


tips on welding, write for Publication 
B-13 to: The American Brass Com- 
pany, Waterbury 20, Connecticut. In 
Canada: Anaconda American Brass 
Ltd., New Toronto, Ontario. 53166 


braze or weld with confidence... 


ANACONDA’ 
welding rods 


4 
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LITERATURE 


Welder’s Guide 


Hobart Brothers of Troy, Ohio, have 
issued a welder’s vest pocket guide enti- 
tled ‘How to Get Better Welds,”” This 
booklet, 3°/, by 67/, in., condenses in 40 
pages a wealth of information of value to 
the practical welder and designer. 


Welding Jigs 


Reed Engineering Co., 1003-17 W. 
Fairview Ave., Carthage, Mo., has pub- 
lished a new general catalog covering their 
complete line of welding jigs and fixtures. 

This is a new 16-page bulletin contain- 
ing modifications to present equipment 
and several new machines particularly de- 
signed for the tank fabrication field. 


Ampco Welding News— 
Fourth Quarter 


Included in this issue are several ar- 
ticles which refer to specific practical ap- 
plications of Ampeo and some of the 
amazing functional facts and economical 
figures derived from its use. 

Another interesting and informative 
article in this issue is titled, ‘Importance 
of Proper Heat Balance in Resistance 
Welding,”’ which includes illustrations, 
line drawings and some valuable data re- 
garding Resistance Welding. 

Free copies of this publication may be 
obtained by writing Ampco Metal, Inc., 
1745 8. 38th St., Milwaukee 46, Wis. 


Engineering Data Sheet 


A new 3-page, 8'/. x Ll-in. engineering 
data sheet (Special No. 10), describing 
Walmang, austenitic nickel manganese 
steel bare and coated welding electrodes 
that produce a weld deposit having the 
general characteristics of 12°; manganese 
steel, is now available from Wall Colmonoy 
Corp., 19345 John R St., Detroit 3, Mich. 

Included in the data sheet are physical 
properties, application methods and weld- 
ing procedures for applying Walmang 
electrodes to repair or build up worn or 
broken manganese steel castings as well as 
utilizing it as a build-up material prior to 
applying Colmonoy hard-facing alloys to 
manganese steel parts. 

Specifications and prices are included 
for '/s-, °/se-, 3/1 and '/,-in. diam bare 
and coated rods. 


Aircospot Catalog 


A 4-page folder has just been produced 
by Air Reduction covering in detail the 
features of the new Aircospot process 
and equipment. 

This inert-gas-shielded spot-welding gun 
which welds from one side only and with- 
out the need for backing plates, is com- 
pletely described with illustrations, physi- 
cal and electrical specifications and operat- 
ing data. 

A free copy may be obtained by writing 
to Air Reduction Sales Co, 60 FE. 42nd 
St., New York 17, N. Y. 


Pipe-Line Connections 


“Design of Hot Tap Tee Connections in 
High Pressure Pipelines,” recently pre- 
sented by Taylor Forge Engineers at the 
Eighth Annual American Society of Me- 
chanical Engineers, Petroleum Division 
Conference, in Houston, Tex., is available 
in reprint form (Bulletin 533) from Taylor 
Forge & Pipe Works, Inc., Chicago 90, 
Til. 

This paper deals with the problem of 
making branch connections to highly 
stressed transmission and distribution lines 
without interruption of fluid flow, which 
is often encountered in the gas, oil, chemi- 
eal, and other industries. In presenting 
their analysis and solution of this problem, 
the authors first make a review of forces 
acting on pipe-line branch connections 
and of stress conditions around openings 
in cylindrical surfaces. A design approach 
aimed at keeping the stress levels around 
branch connections in harmony with the 
stress levels common in high-pressure pipe 
lines is suggested. 


New Hard-Facing Alloys Catalog 


Amsco’s complete line of hard-facing 
and build-up rods and electrodes are fully 
described in a new 48-page, 2-color catalog 
just published. Typical applications are 
shown in over 70 photographs and full 
metallurgical and physical properties are 
included for the 4 automatic and 15 
manual rods and electrodes. 

There is also a complete technical sec- 
tion with charts and photographs which 
will help you select the correct hard- 
facing rod for those unusual or hard-to- 
solve wear problems. 

American Manganese Steel Division, 
389 E. 14th St., Chicago Heights, III. 


New Literature 


Corrosion Resistance of Stain- 
less Tubular Products 


A new folder, designed to be of assist- 
ance to engineers involved in the selection 
of stainless tubing and pipe for corrosion 
resistance applications, has been issued by 
the Tubular Products Division of The Bab- 
cock & Wilcox Co. 

Known as Bulletin TDC 160, the 8-page 
folder contains information on the com- 
parative corrosion resistance of stainless 
steels to corrosive media. It presents per- 
tinent data on six widely used stainless 
tubing steels and several hundred corro- 
sive media at various temperatures and 
concentrations. 

Copies of this helpful data folder are 
available free upon request to the sales 
offices of the Division at Beaver Falls, Pa. 


Training for Welders 


A new pictorial booklet describing the 
curriculum and organization of The 
Hobart Trade School is being mailed free 
of charge by the registrar of the school. 

Courses offered include are welding, 
carbon are welding, alloy steels and cast 
iron, inert-gas-shielded are welding, hard 
facing, tool welding, stud welding, sulb- 
merged are welding, oxy-acetylene weld- 
ing and cutting, and pipe welding. 

A nonprofit organization and recog- 
nized by leading State and Federal Educa- 
tion authorities, the school is now operat- 
ing under contract to the Veterans’ 
Administration. However, its facilities 
are available to all. 

A copy of this 24-page booklet may be 
obtained free of charge by writing the 
Registrar, Hobart Trade School, Troy, 
Ohio. 


Brittle Fracture 


In May last a Conference on Brittle 
Fracture in Steel was organized by West 
of Seotland Iron and Steel Institute, 39 
Elmbank Crescent, Glasgow, C.2, Scot- 
land. A complete report has now been 
published. This report contains the text 
of the eight papers submitted to the con- 
ference, and the discussion on them. A 
comprehensive bibliography is also ap- 
pended. Copies can be obtained from 
the above address. The price is $6.00 per 
copy inclusive of postage. 
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ARG WELDING 4A 0 U SHAPE CUTTING EQUIPMENT 


a nd 


GAS WELDING EQUIPMENT 
BRAZING EQUIPMENT 


BURDOX 


will supply the 
correct equipment 
to do it 


x ‘MANIFOLD EQUIPMENT 


There’s one undeniable reason why BURDOX can help you do any weld- 
ing or cutting job the best and fastest way...at the lowest cost. BURDOX 
puts at your disposal ALL the different methods of doing the job. We have 


no “axes” to grind, no reason to prefer one process over another...except a u R g 9 xX 


that it does your job better, faster and at lower cost than any other way. 


We offer all the different methods...have experience with all the different 

processes...and know the advantages and disadvantages of each. EVERY PRODUCT and EVERY PROCESS 
Moreover we can supply the correct accessories to match the process and EVER BEST 

protect the worker. With all these advantages at your disposal at no extra TO FIT ¥ PURPOSE Te 

cost, you'll find that it pays many times over to check with BURDOX first e industrial gases 


on any of your cutting or welding needs. Catalog available on request. 


e gas welding and 


cutting equipment 
e arc welding equipment 
e safety equipment 


ACCESSORIES 3 

 $ARETY EQUIPMENT 


New We Rectifier Welder 


You asked for this one and 
here it is — 400 amps of low- 
cost DC welding power at its 
very best. You enjoy economy, 
quiet operation, balanced-line 
loading, and instantaneous 
remote control. 


Two Va Gas-Drive Arc Welders 


Wait 'til you see the entirely new P&H ar- 
rangement of motor, generator, power take-off, 
and idling device — we think it'll make a hit 
with you! You get everything you've ever 
wanted in an engine-driven welder — includ- 
ing features you don’t get from any other. 
Water-cooled and air-cooled models. 


Neve Constant Potential 


DC Power Source 


We think you'll agree that this new 
approach is a sound one. You can 
use this machine to replace present 
rotating CP equipment, using the 
separate grid resistors, as on pre- 
vious equipment. And you can use 
it as a power source for submerged 
arc welding — and for the inert-gas, 
continuous wire-feed welding gun. 
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New Nigh-Fre 


“hard-to-weld” metal 
instantaneous heat cont 


Yes, that’s right—you can get either AC or 
DC welding current with just a flip of the 
switch! And the welder operates on single 
phase. How about that? Here’s one new 
P&H machine you want to be sure to see! 


quency AC Welder 


Ideal for use with inert gas. Lets you handle 


s with ease. Gives you 
rol you get from no other 


welder — and does it without moving parts. 


New Inexpensive 


Intermittent Welder 


Another P&H first — a low- 
cost, low-input welder with all 
the advantages of a heavy-duty 
machine. Has a top amperage 
of 300 amps. and an open- 
circuit voltage of 75. It’s the 
only low-cost welder that lets 
you weld with low-hydrogen 
and stainless-steel electrodes. 


New High-Speed Electrodes 


Three “iron powder” coating 
types that provide outstanding 
economies in welding time and 
costs: (1) A cutting and goug- 
ing rod; (2) A single-pass 
heavy fillet rod; (3) A medium 
penetrating electrode that 
operates equally well in all 
positions. 


Some of the 
most sensational 


welding developments 
of all time! 


They’re brand new. They’re P&H. 
They’re designed and built with 
an eye to improving your production 
and profit picture. 


* We. think we can honestly say 
that you’ve never seen such advanced 
designs — such outstanding 
equipment—with so many practical 
features that make sense to you 
and your costs department. 

If you’re interested in improving 
welding practices in your shop, 
you’ll want to keep abreast of 
these new developments. Ask your 
P&H representative or distributor 
to demonstrate them — so you 
can see at first hand their many, 
many advantages. 

Or, write for further information. 


DIVISION 


HARNISCHFEGER 
CORPORATION 
4551 W. NATIONAL AVE. © MILWAUKEE 46, Wis, 


P2H welding equipment is manufactured 
and seld in Canada by 
REGENT EQUIPMENT 
MANUFACTURING COMPANY, LTD. 
455 King Street West © Terente, Onterie, Canede 
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Lewis Retires 


H. R. Lewis, Chief Metallurgist of Ohio 
Seamless Tube Division of Copperweld 
Steel Co., culminated 45 successful vears 
with the Steel Industry on Jan. 1, 1954. 
He had been associated with the Ohio 
Seamless Tube Co. since April 1919. 

High light of his career was the adop- 
tion of Chrome-Moly (4130-X) to steel 
tubing principally used for aircraft—an 
achievement in which he played a leading 
role. 

Mr. Lewis is a member of several Engi- 
neering Societies: SAE, ASTM, AWS, 
ASM, and AISI. 


S. H. Smith Retires 


S. H. Smith, district manager of Air 
Reduction Sales Co.’s Milwaukee office, 
retired Jan. 1, 1954, under the company’s 
mandatory retirement plan, after 38 years’ 
service in the oxy-acetylene industry, it 
was announced recently by 8. H. Newburn 
regional manager, Chicago. 

Mr. Smith is a member of the AMERICAN 
WELDING Society, the American Society 
for Metals, the Better Business Bureau of 
Milwaukee, the Executives Club of Mil- 
waukee, the Twelfth & Vliet Street Ad- 
vancement Association, the Milwaukee 
Athletic Club and the Optimist Club of 
Milwaukee. 

G. J. Dekker, formerly district’ mana- 
ger of St. Louis, succeeds Mr. Smith as 
district manager in Milwaukee, effective 
Jan. 1, 1954. Mr. Dekker, who has been 
with the company for 35 years, has held 
managerial positions in Chicago, Cleve- 
land, Detroit, Oklahoma City, Madison, 
Wisconsin and New York. 


Isaac Harter Elected Director 
of Vitro Corp. 


Isaac Harter, of Beaver Falls, Pa. 
former chairman of the board of Bab- 
cock & Wilcock Tube Co., was elected a 
director of Vitro Corporation of America 
at a regular meeting of the board of direc- 
tors, according to an announcement by 
J. Carlton Ward, Jr., President. 

Mr. Harter now acts as a consultant to 
The Babcock & Wilcox Co., of which he 
was Director and Vice-President. He has 
worked with the Atomic Energy Commis- 
sion on its industrial advisory group und 
is a member of the Patent Compensation 
Board. He has also participated in the 


276 


activities of the Commission’s Brookha- 
ven (L. I.) National Laboratory. 

Mr. Harter, a graduate of the Univer- 
sity of Pennsylvania in 1901, served the 
Babcock & Wilcox predecessor and sub- 
sidiary companies for more than 50 years 
prior to his retirement as an active exec- 
utive in 1951.. He made many significant 
contributions to industrial progress, and 
holds numerous patents for boiler design, 
industrial furnaces, refractories, and con- 
tinuous casting and steel-making ma- 
chinery. He is a member of many pro- 
fessional organizations and is a fellow of the 
American Society of Mechanical Engineers. 
He is the second person to ever receive the 
Newcomen Medal “for achievement in the 
field of steam.” 

Vitro Corporation of America is engaged 
in research and development, engineering, 
chemical processing, rare metals, ceramic 
colors, chemical products and the refining 
of uranium ore. 


Gosnell Joins Ohio 
Machine and Boiler 


The appointment as Chemical Engineer 
of Everett C. Gosnell, well known in steel, 
chemical and allied fields, was announced 
recently by Paul Simon, president of The 
Ohio Machine and Boiler Co. 

“In making the services of an experi- 
enced chemical engineer and consultant 
available to our customers,” said Mr. 
Simon, ‘‘we are continuing a broadened 
program of client service for all industries. 
Mr. Gosnell will serve as a consultant, 
specializing in the design and production 
of corrosion-resistant processing equip- 
ment for the chemical and allied industries. 
We feel that his many years of experience 
in the design and fabrication of corrosion- 
resistant processing equipment will be of 
material assistance to our many clients 
in all types of industry.” 

Mr. Gosnell is a native of Terre Haute, 
Ind., and received his Bachelor of Science 
degree in Chemical Engineering at Rose 
Polytechnic Institute in 1925 and later 
obtained a Master of Arts degree in 
Chemistry and Metallurgy from Indiana 
University in 1927. 

He was formerly Chemical Engineer in 
Research with the Koppers Co. of Pitts- 
burgh. Mr. Gosnell also was with the 
Technical Design Service division of 
International Nickel Co. of New York as 
Chemical Engineer on corrosion, and was 
manager of the Chemical Division of the 
Lukens Steel Co. of” Coatesville, Pa. 
Later he was associated with the Colonial 
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Iron Works of Cleveland as Vice-President 
and Manager of its Chemical and 
Processing Equipment Division, and with 
the Centrifix Corp. of Cleveland as 
manager of sales. 

A registered engineer, Mr. Gosnell is 
also well known as a writer and lecturer 
on technical subjects, specializing in cor- 
rosion resistance. Among his many affilia- 
tions are included memberships in the 
American Institute of Chemical Engineers, 
American Chemical Society, National 
Association of Corrosion Engineers and 
the AMERICAN WELDING Soctery. 


Glenn Gibson Joins Cooper Alloy 


The appointment of Glenn J. Gibson 
to the engineering staff of The Cooper 
Alloy Foundry Co., Hillside, N. J., was 
announced recently by Works Manager, 
W. P. MeKown. Mr. Gibson will direct 
a research program, the first of its kind 
ever undertaken by a stainless steel 
foundry, aimed at developing superior 
methods for the welding of corrosion and 
heat-resistant alloys. 


With a background that includes almost 
twenty years of welding engineering and 
research, Glenn Gibson should be in- 
valuable in helping industry to solve 
some of the difficult problems brought 
about by the widespread use of special 
alloys. 

A graduate of Lehigh University from 
which he received his B.S. and M.S. de- 
grees in engineering, Mr. Gibson spent two 
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years as a Research Fellow in Welding, 
three years as a welding engineer with 
Pittsburgh-Des Moines Steel Co., five 
years with American Bridge Co. in a 
similar capacity and the past nine years | 
with Air Reduction as a Research En- 
gineer. He is one of the originators of the 


inert-gas-shielded metal-are welding 
method and is widely known for his 


many contributions to the technical press. 
According to Mr. MeKown, the crea- 
tion of this welding research program came 


about as a result of the many questions 
dealing with the welding of valves, fit- 
tings, accessories, pipe, tubing and various 


cast components raised repeatedly at The 
Cooper Alloy Stainless Steel Clinics held 


throughout the country. “It will be Mr. 


Gibson’s job to serve the needs of those 


who install stainless steel piping or fabri- 


cate equipment involving high-alloy cast 


components,”’ he said. “The exact direc- 


tion of the research program will be deter- 


mined by the difficulties now being faced 


in the field, and we urge those with specific 


problems to get the facts to Mr. Gibson 


as soon as possible.”’ 


Luckey Made Sales Director 


kk. N. Luckey, widely known in the eye 
and face safety equipment industry, was 
appointed Director of Industrial Sales 
at Welsh Manufacturing Co., Providence, 
R. L., effective Jan. 1, 1954. 

Mr. Luckey has been identified with the 
distribution of industrial eye and face pro- 
tective products for 27 years. He most 
recently was Sales Manager of the Dock- 
son Corp. in Detroit and President of the 
Industrial Safety Equipment Co. in Balti- Why You Should Use ee@ 
more. 

Thomas Johnson, President of Welsh 
Manufacturing Co., states that Mr. Pa Automatic Welding Wire 
Luckey will concentrate his immediate 
activities upon field research and the de- @ PAGE Automatic Welding Wire is made to rigid specifications 
which provide consistent characteristics for smooth flow of metal 
during continuous or intermittent welding. There are many 
analyses for a wide variety of uses. 


for INERT GAS Welding 
PAGE Stainless Steel Wire is precision thread-wound on 25-lb. 
non-returnable convenient reels which fit popular arc welding 
machines. Six Page-Allegheny grades; wire diameters: .035”, 
045”, .0625”. 

for SUBMERGED ARC Welding 
PAGE stainless, low alloy, and carbon steel wire in layer-wound 
coils, in 22” or 24” mill coils, or on 200-lb. returnable steel reels. 
Wire diameters from 1/32” to 5/16”; copper coated if desired. 


iy 


ur Monessen, Pennsylvania office 
for Bulletin DH-402 


Monessen, Pa., Atlanta, Chicago, Denver, Detroit, Los Angeles, New York, 
Philadelphia, Portland, San Francisco, Bridgeport, Conn. 
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velopment of a sales training and promo- 
tional program for the firm’s industrial 
eye and face protection products division. 


Green Made Director 


Prof. Robert 8. Green, Chairman of the 
Department of Welding Engineering at 
Ohio State University, has been named 
executive director of the university’s 
Engineering Experiment Station. 

He succeeds Prof. Jacob R. Shank, as- 
sistant Director since 1938, who asked to 
be relieved as the administrative head of 
the station to devote his full time to his 
professorship in the Department of Civil 
Engineering. The change becomes effee- 
tive Apr. 1, 1954. 

The new executive director will remain 
as head of the department of welding en- 
gineering and as part-time professor in 
that department. He has been a member 
of the engineering teaching staff since 


1947, serving first as an assistant professor 
in industrial engineering, and was named 
in 1948 as acting chairman of welding 


Variations on units 
shown can be furnished 

to meet specific 
requirements. 


Vertical power traverse with 
up and down inching button. 
Hand wheel on carriage with 
locking arrangement for set- 
ting automatic welding head in 
proper relation to work. 
Positioner arm swings and can 
be locked in proper position to 
either fixture. 
22” diameter wheel shown on 
fixture. 
Fixture equipped with Reeves 
variable speed for proper feet 


ACME Automatic WELDING 
POSITIONER and FIXTURES 


CME Lo. 


1400 €. 3 MILE RD. DETROIT 20 Ferndole MICH. 


THIS ACME FIXTURE AR- 
RANGEMENT permits 
practically constant use of 
Automatic welding head by 
reloading opposite fixture 
during welding operation. 


per minute with reversing con- 
trol. Fixture with two set 
speeds can also be furnished. 


6. Holding machine can be set in 
either vertical or horizontal 
position. Shown in 45° angle. 


7. Cross slide adjustment for fine 
setting so welding head on arm 
can be placed at either fixture 
without further adjustment. 

8. Heavy copper brushes and 
holders mounted directly back 
of fixture for ground. 


8 NG (OR HALE CENTOS 
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engineering. He became chairman and 
professor in 1952. 
Prof. Green holds his B.S.C.E. degree 


and M.S.E. degree from oon Univer- 
sity and has done graduate work at the 
University of Illinois and at Ohio State. 
His professional career outside his teach- 
ing has been unique in that it has crossed 
the traditional lines of engineering and has 
included such engineering fields as elec- 
trical, metallurgical, structural, mechani- 
cal and engineering mechanics. 

This professional experience has inclu- 
ded work with the American Bridge Co., 
Sinclair Refining Co., Carnegie-Illinois 
Steel Corp., Blaw-Knox Corp., Wierton & 
Stee! Co. and a year in the Panama 
Canal Zone. He is a veteran of World 
War IL having served from 1943 to 1946 
in the U.S. Navy. 


| 
Airco Appoints Two 
Assistant Managers 


Air Reduction has appointed E. Di- 
Liberti and G. Metterhauser to assistant 
manager posts in the Equipment Sales 
Department of Airco’s New York office, 
effective Jan. 1, 1954, it was announced 
recently by D. D. Spoor, Manager, Equip- 
ment Sales. 


E. DiLiberti 


Mr. DiLiberti, with Airco since 1948, 
held the position of Process Development 
Engineer in the Airco Equipment Manu- 
facturing Division, Jersey City, N. J. 
Early in 1953, he was transferred to New 
York to handle the promotion of elec- 
trodes and hard-facing materials. As 
assistant manager, he will have the re- 
sponsibility for promoting the sales of 
these products 

Mr. Metterhauser has been with Airco 
since 1939 and has held various positions 
during this period in the Apparatus Sales 
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\mproved non-sync 


with Square D's NEW SLOPE CON 


BETTER AND MORE PROJECTION WELDS throug 
uniform distribution of welding current. 
PERMITS WELDING NON-FERROUS METALS. 
“spitting” at electrodes improves appearance 
num and other non-ferrous welds—extends electr 
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G. Metterhauser 


and Aircomatic Departments. As assist- 
ant manager, he will handle the promo- 
tional activities for arc-welding machines, 
Heliweld equipment, welding and cutting 
supplies and accessories. 

Both men are members of the AMERICAN 
We.pDING Socrety, New Jersey chapter. 
Mr. DiLiberti is also Co-chairman of the 
AWS Hardfacing and Metallizing Com- 
mittee. 


Thielsch Joins Grinnell 


Grinnell Co., Inc., of Providence, R. I. 
announces the appointment of Helmut 
Theilsch as Metallurgical Engineer of its 
Industrial Piping Division. Mr. Thielsch, 
who was for three years with the 
Welding Research Council of the Engi- 
neering Foundation, will be concerned 
with the preparation of specifications, ap- 
proval of materials for welding, metal- 
lurgical and welding research, and the 
preparation of technical reports. He will 
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also represent Grinnell Co., In., on sev- 
eral major technical committees con- 
cerned with the fabrication of piping. 


Roehll Made Vice-President 


Fred F. Roehll, National Sales Manager 
of Eutectic Welding Alloys Corp., Flushing, 
N. Y., has been named Vice-President in 
Charge of Sales by Rene D. Wasserman, 
President of the corporation. 

“Tt is fitting,” stated Rene D. Wasser- 
man, when announcing the promotion, 
“that recognition should be given to the 
head of our national sales organization. 
Our continued progress and success has 
been due, in no small measure, to his 
knowledge and wide experience in all 
branches of selling and sales management. 
He will bring to the top policy-making 
group an understanding of field conditions 
and trends which will be extremely 
valuable.” 


Fred Roehll joined the corporation in 
1946 and was appointed national sales 
manager four years later. Born in Ohio 
and a graduate of Ohio State University, 
he has been in sales and sales manage- 
ment all his life. Known from coast to 
coast, he will continue to make his head- 
quarters at the corporation’s head office 
at Flushing and will direct sales throughout 
the U.S. and Canada. 


WELDABILITY OF STEELS 


Comprehensive Book 


by Drs. R. D. Stout and 
W. D’Orville Doty 


Summarizes in useful form a decade of 
research in this field 
Price $6.50 
AMERICAN WELDING SOCIETY 


33 W. 39th St., 
New York 18, N. Y. 
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CURRENT WELDING PATENTS 


2,664,488—Arce WELDING ELECTRODE 

Rene-Jacques Fernand Daniel Robert 

Mouton, Uecle, Belgium, assignor to 

Soudometal Societe Anonyme, Forest- 

lez-Bruxelles, Belgium. 

This coated electrode comprises a steel 
core having a coating of a specified size 
around such core. This coating loses ap- 
proximately 5 to 30% by weight when 
heated for a period of 1 hr at a tempera- 
ture of between 850 and 950° FF. The 
coating contains special proportions of 
silica, titanium dioxide, lime and mag- 
nesium oxide. 


2,664,622— Meruop or ErrecTinc Non- 
FUSION WELbS wirH A STEEL WELD- 
rop— Karl Spitz, Cleveland, Ohio. 
Spitz’s welding method comprises the 

steps of preheating the base metal to an 
elevated temperature below the solidus of 
the base metal, melting the weldmetal, and 
depositing the weld metal in the welding 
zone to produce a resultant bonding tem- 
perature in the base metal below the 
solidus of the base metal. Substantially 
concurrently there is introduced into the 
weld zone molten low-melting eutec- 
tiferous phase-forming elements in suffi- 
cient quantity to create an intermediate 
alloy phase having affinity for the weld 
metal and base metal, and surface ten- 
sion-reducing elements to increase the 
fluidity of the weld metal. 


2,664,843— SupporTING MECHANISM FOR 
RotatinG Housines ror WELb- 
inG—George L. Turner, Buchanan, 
Mich., assignor to Clark Equipment 
Co., Buchanan, Mich., a corporation 
of Michigan. 

A specialized apparatus of the charac- 
ter indicated in the title is disclosed in this 
patent. 


2,665,360-——FLasH Conrro. 
Hans Henning Hansen, Warren, Ohio, 
assignor to The Taylor-Winfield Corp., 
Warren, Ohio, a corporation of Ohio. 


This patent relates to a hydraulie con- 


trol system for an electric resistance 
flash-butt welder having a movable platen 
and a hydraulic cylinder connected to the 
platen for moving it. One valve is pro- 
vided for controlling flow of hydraulic 
fluid to the cylinder to advance the platen 
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Printed copies of patents may be obtained for 25c from the Commissioner of Patents, Washington 25, D.C. 


through an initial flashing range of move- 
ment while a second valve furnishes fluid 
to the cylinder to advance the platen 
through a further or upset range of move- 
ment. A special drive member is provided 
in the control and moves forwardly with 
the platen over the first range of move- 
ment but stop means are provided for in- 
terrupting movement of such drive mem- 
ber through the platen’s further range of 


movement. 


2,665,361—ArtTICLE FoR FLAsH WELDING 

Track P. MeDonald 

and James Conlogue, Chicago, 

assignors to International Harvester 

Co., a corporation of New Jersey. 

This patent is on a protective insert for 
protecting the walls of a cavity in a 
welded member from weld splatter. The 
insert comprises a cup-shaped member 
having a wall portion provided with an 
opening and a cylindrical side wall di- 
verging outwardly from the wall portion. 


Morion-—George 

R. Wepfer, Milwaukee, Wis., assignor 

to A. O. Smith Corp., Milwaukee, Wis., 

a corporation of New York. 

This patent relates to a method of mak- 
ing a short are weld along a predetermined 
line of welding. The method includes the 
steps of providing an are between the 
arcing terminal of an electrode and the 
work at a first point on the line of welding, 
and the are is maintained in the vicinity 
of the point for a period of time to permit 
the deposition of a substantial amount of 
metal there around. Next the arcing ter- 
minal is moved to a second point on the line 
of welding without depositing metal during 
the movement and the arcing terminals 
travel back along the line of welding until 
the deposited metal is reached. The re- 
turn travel is at a welding speed and effects 
deposit of weld metal to provide with the 
first-named deposition of metal a crater- 
free continuous bead of deposited metal 
between the first and second points. 


2,665,779-—ForGEp AND WELDED BRAKE 
Hrapv—Charles G. Smith, Wilkinsburg, 
and Daniel A, Best, East McKeesport, 
Pa., assignors to The American Brake 
Co., Swissvale, Pa., a corporation of 
Missouri. 


Current Welding Patents 


This patent relates to a special brake 
head which is made from two similar 
forged parts. Facing edges are provided 
on the two parts and are welded together 


to form a box section. 


2,665,900--Torcu HoL_pinGg ATTacHMENT 
FoR Gas-Curring Macuines——John H. 
Bergerow, Wood-Ridge, N. J. assignor 
to Air Reduction Co., Inc., New York, 
N. Y., a corporation of New York. 
This special attachment is adapted to 
position a plurality of gas torches in in- 
dividual holder members. A guide box 
is provided for receiving the individual 
torch holders and a work contacting ele- 
ment is provided in the attachment. This 
work contacting element rides on the sur- 
face of the work and operatively connects 
to individual torch holders to move them 
in response to irregularities in the work 
surface to keep the torch tips spaced a 
constant distance from the surface of the 
work. 


MetTHop ArR- 

TICLE PropuceD THeREBy—Harry 

Chanowitz, Chicago, Ill, assignor to 

David T. Siegel, Wheaton, III. 

This patent relates to production of a 
special wire coil electrical resistor wherein 
a pair of connector lugs comprising band 
portions are mounted on a core member 
and a small diameter wire is electro-re- 
sistance welded to the band portions of the 
lugs to be secured thereto to form a re- 
sistor unit therewith. 


2,666,121—Rorary SEAM WELDING 

TRANSFORMER—Ernst W. Allardt, Al- 

liance, Ohio, assignor, by mesne assign- 

ments, to The Babcock & Wileox Co., 

Jersey City, N. J., a corporation of New 

Jersey. 

This patent relates to an electric seam- 
welding apparatus wherein the welding 
circuit includes a pair of concentric, sub- 
stantially telescoped, electrically conduc- 
tive cylindrical members secured to- 
gether as a unit and in insulated relation 
to each other. The evlindrical members 
individually position circular electrodes 
thereon and frusto-conical! surfaces form- 
ing seats are provided on each of the cy- 
lindrical members at adjacent portions 
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thereof so that the electrodes can be 
forced along the tapered seats to fit 
tightly thereon. The different electrodes 
engage different edges of the seam to be 
welded and means connect the eylindrical 
members to a source of electric potential 
for welding action. 


Mac- 
netic Conrrouiep ELecrric 

Arc Workinc Process 

Arparatus—John L. Curtin, Kenmore, 

and Donald M. Yenni, Williamsville, 

N. Y., assignors by mesne assignments 

to Union Carbide and Carbon Corp., 

a corporation of New York. 

This metal working process comprises 
establishing a metal fusing electric are 
between the work and a metal electrode 
and discharging a stream of gas around the 
electrode and are from a cup surrounding 
the electrode. Such are is directed by a 
transversely balanced component of a 
magnetic field derived from a source of 
flux incorporated with the cup, and the 
work and electrode are relatively moved 
along the line to be worked so that the 
work metal is progressively fused along 
such line by the are. The strength and 
direction of the transverse magnetic field 
component is such that the are is kept 
focused on the work along the line at a 
substantially constant acute angle so that 
the speed of operation is substantially 
increased. 


It’s a pretty long time 
when you apply it to the use of a 
Welding Torch. It means 
thousands and thousands of hours 
of use. Have you heard about the 
Lifelong Guarantee of Smith's 
Welding Equipment? Want to 
know more about it and what 
that kind of service can mean to you? 
Drop us a card right away. 


SsMIT WELDING EQUIPMENT 


CORPORATION 
Dept. WJ -71, 2633 S.E. 4th St., Minneapolis, Minn. 
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2,666,479 -Gastous Currine 
Toren wirn Reversip_y Posrrionep 
Vatve Lever —Edward J. Clinton, Jr., 
Chatham, N. J., assignor to Air Redue- 
tion Co., Ine., a corporation of New 
Jersey. 

A new type of «a hand torch is dis- 
closed in this patent, which torch has a 
handle portion, a valve block with a valve 
chamber therein, and a valve member 
movable in the chamber. Special means 
are provided for operating the valve 
member to and from engagement with a 
valve seat in the valve chamber. 


2,666,480-—Hanp Toren IGNrIrEeR 
ror Use wirn Low Point 

Furet—Robert KE. Peterson, New York, 

N. Y. assignor to Repeter Products 

Ine., Long Island City, N. Y., a corpora- 

tion of New York. 

Peterson's patent relates to a hand torch 
and igniter and is for use in burning a low 
boiling point fuel. A container is pro- 
vided in the apparatus for receiving and 
holding the liquefied fuel which is main- 
tained in liquid form in the container by 
reason of its own vapor pressure. A 
special manually operable igniter member 
is provided in the apparatus. 


2,666,725—Brazinc Fivx-—Ernest 8. 
Chamer, Fairfield, Conn., assignor to 
Handy and Harman, New York, N. Y., 
a corporation of New York. 

This patent is on a flux for use in the 
silver alloy brazing of titanium and _re- 
lated metals. The flux is made essentially 
of LiF, KCI, and KHF,. 


2,666,832—ComBinED 
Fiux Horrer ror Continuous 

G. Landis, South 

Euclid, and Norman J. Hoenie, Cleve- 

land Heights, Ohio assignors to The 

Lincoln Eleetrie Co., Cleveland, Ohio, 

a corporation of Ohio. 

This patent is on a quasi portable are 
welding apparatus wherein a metallic elec- 
trode such as a wire is fed continuously 
to the work. The apparatus includes a 
portable welding head and a flux hopper is 
operably associated with, but electrically 
insulated from, such welding head. The 
hopper has a flux discharge passage 
operatively associated with the electrode, 


 Frx- 
TURE—Chester Mott, deceased, late of 
Evanston, Ill., by George A. Mott, 
executor, Evanston, IIl., assignor to 
Fansteel Megallurgical Corp., a corpora- 
tion of New York. 
Mott’s fixture is of specialized construc- 

tion for use in butt welding tantalum. 

The fixture is made of aluminum bronze. 


2,666,834—Wetpinc Macuine-—Chester 
Mott, deceased, late of Evanston, IIl., 
by George A. Mott, executor, Evanston, 
Il, assignor to Fansteel Metallurgical 
Corp., a corporation of New York. 


Current Welding Patents 


This welding machine is for butt weld- 
ing metal sheets together. The machine 
includes a flat stationary plate, and a 
floating plate resiliently supported above 
the stationary plate. The sheets to be 
welded lie between the plates, and rollers 
are carried by the floating plate which has 
cutout portions through which the rollers 
may extend for bearing against a top sur- 
face of the sheets to be welded. A weld- 
ing means is secured to the floating plate 
which has a cutout at the weld region to 
provide access of the welding means to the 
work. Other means guide two metal 
sheets between the plates so that the 
edges to be butt welded pass under the 
welding means, 


2,666,835-—ELecrric Resistance 

ING Process-—Albert J. Elleman, Lon- 

don, England, assignor to Imperial 

Chemical Industries Ltd., a corpora- 

tion of Great Britain. 

This patent is on an electric resistance 
welding process for protectively precoated 
metal parts. In the process, the elec- 
trical resistance of the coating is reduced 
by incorporating in intimate admixture 
in the coating a composition of a non- 
oxidized magnetic metal powder. The 
coated metal parts are pressed together 
to provide a contact area and electric cur- 
rent is passed through such area of con- 
tact. 


2,666,888 —-VoLTaGe Crrevuir 
ror WeELpING Apparatus—Joseph J 
Riley and William 8. Dustman, Warren, 
Ohio, assignors to The Taylor-Winfield 
Corp., Warren, Ohio, a corporation of 
Ohio. 

This patent relates to a power contro! 
system for a load circuit adapted to be 
energized from an alternating current 
source. The control circuit includes the 
combination of a pair of inversely related 
electric discharge valves for controlling 
the flow of current from the source to the 
load circuit and each of the valves has a 
control element and an energizing circuit 
connected with the control element and 
including a grid controlled electronic dis- 
charge device. Other control means 
complete the control circuit. 


Bulletin No. 17 of the Weld- 
ing Research Council entitled 
“A Critical Survey of Brittle 
Failure in Carbon Plate Steel 
Structures other than Ships”’ 
by M.E. Shank, now available. 


Price $2.00 


American Welding Society 
33 West 39th St. 
New York 18, N. Y. 
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Inert-Metal-Are Welding 


Bethlehem, Pa.—ighty-five members 
and guests of the Lehigh Valley Section 
were present on December 7th to hear 
Harry C. Cook OWS, of the Air Reduction 
Sales Co., deliver an illustrated talk on 
“New Developments in Inert Gas Con- 
sumable.”’ 

Forty-two members were present at 
dinner at Walp’s Banquet Hall, Allentown, 
Pa., and were entertained with a talk on 
the subject ‘‘Athletic Highlights’ given 
by Charles Gelbert, Varsity Baseball 
Coach. 


Battle of the Cities 


Bethlehem, Pa.—A quiz program, par- 
ticipated in by 50 members of the Lehigh 
Valley Section, took place on January 4th 
at Walp’s Banquet Hall, Allentown, Pa., 
following a dinner attended by 30 members 
of the Section. 

A sound motion picture on safety en- 
titled ‘A Word to the Wise”? was shown 
as an after dinner feature. 


Welding Procedures 


Chicago, Ill.—On January 15, before an 
audience of 136 members and guests of 
the Chicago Section, the largest in some 
time, Ray A. Mueller of the Crane Co., 
also member of the Chicago Section Board 
of Directors, talked on the very difficult 
subject ‘Establishing Welding Procedures 
and Qualifying Operators.” 

His presentation was a practical review 
of the steps necessary to establish weld- 
ing procedures, qualify procedure specifi- 
cations and the qualification of welding 
operators. Mr. Mueller made an excellent 
presentation as evidenced by the reluc- 
tance of those in attendance to leave when 
he was officially through. 

Another highlight of this meeting was 
the showing of the film ‘‘Welding America” 
through the courtesy of the Natural Gas 
Pipeline Company of America. It was 
the most interesting sound film of over- 
land pipe-line laying that has been seen 
and was beautifully photographed in 
color. It tells the story of the Texas- 
Illinois 1400-mile pipe line of 26- and 30-in. 
pipe. 


Welding Farm Equipment 


Cincinnati, Ohio.—The regular January 
dinner meeting of the Cincinnati Section 


Marcu 1954 


as relayed to C. M. O’Leary 


was held on the 26th at the Engineering 
Society Headquarters. 

H. Baker, Section Chairman, opened 
the meeting by describing the current 
campaign for increased membership. 

Program Chairman G. Schauerte an- 
nounced the March 24th meeting will be 
of vital interest to all. Aleoa is sponsor- 
ing a speaker on the Welding of Aluminum 
Alloys. April 27th is set up for a plant 
visit at the Hobart plant in Troy. The 
May meeting will be devoted to election 
of officers. The impending plant visit to 
Cincinnati Shaper Co. has been postponed 
until September to allow sufficient time 
to invite members of other Societies. 

W. Davies, Welding Engineer, Inter- 
national Harvester Co., Louisville, Ky., 
gave a short talk interspersed with slides, 
on the welding processes and procedures 
used by this company at their Louisville 
plant. He described the are welding, 
spot, projection, flash and gas welding of 
the various parts used in their farm equip- 
ment, 

At the conclusion of the talk Mr. Davies 
presented a color film on the part the 
International Harvester) plays in our 
economy. 


Inert Are Welding 


Cleveland, Ohio.—R. W. Tuthill @W3, 
of the General Electric Co., was the tech- 
nical speaker at the January 13th dinner 
meeting of the Cleveland Section, held in 
the Mather Room of the Allerton Hotel 
with an attendance of 85 at dinner and 115 
at the technical meeting. 


Speaker R. W. Tuthill 


Section News and Events 


Mr. Tuthill’s talk, which lasted one 
hour, covered new developments in the 
inert-arc-welding process. A good 40- 
minute question period followed, which 
kept the speaker on the jump all the time 
but all questions were properly answered. 

Mr. Tuthill jointed the General Electric 
Co. after graduation from Pratt Institute 
in 1941. In 1943, he joined the Navy 
where he spent time in the Ordnance Divi- 
sion designing torpedoes and specializing 
in the manufacturing of special fuel tanks. 
He rejoined the General Electric Co. in 
1946 and has been working with the inert- 
are process ever since. At present he is 
the supervisor in charge of the Design and 
Development Section on Industrial a-c 
welders and inert-are welding with the 
General Electric Welding Division now 
located in Fitchburg, Mass. 


It Isn’t Mud 


Columbus, Ohio.—-Harry F. Reid OWS, 
Manager of the Technical Service Divi- 
sion, The McKay Co., Pittsburgh, Pa., 
spoke at the dinner meeting of the Colum- 
bus Section held on January 8th at the 
Riverside Restaurant. Harry’s talk en- 
titled “It Isn’t Mud,” concerned the 
coating materials for shielded-metal-are 
electrodes. He described (1) the fune- 
tions of a coating, (2) typical coat- 
ing materials, (3) typical published for- 
mulations for mild steel and stainless steel 
electrode coatings and (4) modern elec- 
trode production and quality control. 
An electrode coating is used to control 
electrical properties of the rod, to control 
slag properties, to control metallurgical 
properties and to permit the use of high- 
speed manufacturing equipment. Most 
electrodes are made by the extrusion proc- 
ess. Some electrodes are made by the 
dipping process where the nature of the 
core wire does not adapt it to extrusion. 


Mission of Wright Air 
Development Center 


Dayton, Ohio.— The January 12th meet- 
ing of the Daylon Section was devoted to 
the Wright Air Development Center, A 
movie about the WADC entitled ‘‘Now for 
Tomorrow” opened the program. Col. 
M. E. Sorte, Chief of the WADC Materials 
Laboratory, spoke on the role of the 
various laboratories at the Field with par- 
ticular emphasis on the Materials Labora- 
tory. Col M. R. Williams, Director of 
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SINGLE-SCALE, DUAL-RANGE current indicator makes it easy to set and 
check current. Safety cover over terminals can be lifted by hand, is self- 
closing. Welder can be supplied either for 2-phase or 3-phase power supply. 


REVERSIBLE VENTILATING FAN above rectifier 
stacks of unit is used to blow dust from rectifiers 


ard transformer to prolong rectifier life. 


FULL-TIME ARC FORCE CONTROL is turned on 
by toggle switch. It effectively minimizes stub- 
bing and freezing-in on tough jobs at high speed. 


Announcing the first new line 
powerful G-E rectifier welders 


New 400-amp General Electric rectifier set includes 
new features for longer life and improved performance 


Now, before you buy any d-c welder, be sure to try 
the 400-amp General Electric rectifier welder—first 
of a new line to be introduced this year. 

Here’s a d-c welder that lives up to the General 
Electric reputation for long-life dependability. And 
it’s a full-fledged 400-amp unit, fully capable of short- 
time 500-amp output. 


CHECK THESE G-E ENGINEERED USER BENEFITS 


Easy Operation— instant starts plus easy, precise cur- 
rent-control please operators, improve work. 


High Production stable arc permits higher speeds; 
quiet operation reduces fatigue, boosts output. 


Long Life due to lack of moving parts (except fan), 
silicone insulation, advanced-design ventilation. 


Low Operating Costs high efficiency and low idle- 
time power consumption cut power bills; easy-access 
design speeds inspection and maintenance. 
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TWO EXCLUSIVE MONEY-SAVING FEATURES 


These exclusive features solve user problems: 
Reverse-draft Fan the powerful ventilating fan can 
be reversed to blow dirt off rectifiers and transformers. 
This cleaning action minimizes a major cause of 
rectifier failure. 


Full-time Arc Force Control available as optional 
equipment—lets you hold a short arc on those extra- 
tough welding jobs with little chance for popouts or 
freezing-in. 


CONTACT YOUR G-E DISTRIBUTOR TODAY! 


For full data on the new G-E 400-amp rectifier 
welder, contact your G-E Welding Distributor today. 
He’s listed here and in the yellow pages of your phone 


book under “Welding Equipment —General Electric.” 


General Electric Co., Schenectady 5, N. Y. 710-16 
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SEE THE DIFFERENCE! New G-E 
contact electrode produced 19” of 
fillet in 88 sec. E-6020 rod produced 


an 8” of fillet in 75 sec. Both tests 


used 
steel using 230 amps DC. 


electrodes on 14” mild 


New G-E Strikeasy 1 electrode 
for high-speed contact welding 


Actual comparison tests indicate 
that G.E.’s new Strikeasy 1 con- 
tact-type electrode produces signifi- 
cantly more weld footage in a given 
time than high-quality E-6012 and 
E-6020 electrodes. This high speed 
can save you as much as 35% in 
total welding costs. 

The new Strikeasy 1 electrode 
has a rutile coating enriched with 
powdered iron. This iron melts to 
form part of the weld bead, greatly 
increasing the rate of metal deposit. 
The new G-E electrode operates on 
AC or DC and is available in ',”, 
, and 1%” sizes. 

WIDELY APPLICABLE 

The Strikeasy 1 electrode is 
for certain mild-steel and low- 
alloy welding where you would nor- 
mally consider an E-6012 or E-6020 
rod. Typical uses include low-pres- 
sure storage tanks, machine bases, 
and light structural work. 


OTHER PERFORMANCE BENEFITS 
@ Less Spatter as much as 80% 
less, a real saving in material. 

@ Self-cleaning no need to ham- 
mer and chisel to remove scale. 


Core wire 


Rutile coating 
enriched with 
powdered iron 


POWDERED IRON in coating of new 
G-E Strikeasy 1 electrode increases 
metal deposit rate. 


@ Easy-to-use operates smoothly, 
minimizes d-c arc blow, reduces 
operator fatigue. 

Contact your nearby G-E Weld- 
ing Distributor today for samples 
of the Strikeasy 1 electrode. 


You'll Find the Best Electrode for Your Job 
in the G-E Line—Most Complete in the Industry 
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G-E WELDING DISTRIBUTORS 


Alab : Birmingh Alab Oxygen, Young & 

Vann Supply; Mobile —Turner Supply 

Arizona: Phoenix—Consolidated Welding Supply 

California: Fresno, Los Angeles, Oakland, Sacramento, 

San Diego, San Francisco, Ventura Victor Equipment 

Colorado: Boulder, Colorado Springs, Denver, Durango, 

Ft. Collins, Ft. Morgan, Greeley, LaJunta, Longmont, 

Pueblo, Sterling——Hendrie & Bolthoff 

Connecticut: Hartford, New Haven —Harris Sales & 

Service 

Florida: Hollywood Florida Gas & Chemical 

Georgia: Atlanta, Macon -Welding Supply & Service; 

Augusta Marks Oxygen; Columbus — Williams W eld- 

ing Supplies 

Idaho: Boise Olson Manufacturing 

illinois: Chicago, Moline, Morton, Rockford-——Machin- 

ery & Welder 

indiana: Evansville —Drillmaster Supply; Ft. Wayne, 

Indianapolis Sutton-Garten; South Bend Perry 

Welding Sales & Service 

lowa: Des Moines-—Machinery & Welder 

Kansas: Hutchinson —Kopper Supply 

Kentucky: Louisville—Reliable Welding; Paducah 

Henry A. Petter Supply 

Lovisiane: Alexandria, Shreveport Hughes Oxygen; 

New Orleans—Consolidated Welding Supplies 

Maryland: Baltimore -Arcway Equipment 

Massachusetts: Boston -New England G-E Welding 

Sales Division 

Michigan: Detroit Welding Sales & Engineering; 

Grand Rapids — Miller Welding Supply 

Minnesota: Duluth —W.P.&R.S. Mars; St. Paul — Pro- 

duction Materials 

Mississippi: Jackson —Jackson Welding & Supply 

Missouri: Kansas City—Hohenschild Welders Supply; 

St. Lovis—-Machinery & Welder 

Montana: Billings—Valley Welders Supply; Billings, 

Bozeman, Cut Bank, Glasgow, Great Falls, Havre, 

Kalispell, Miles City, Shelby, Sidney, Whitefish 

Valley Motor Supply; Butte, Great Falls Montana 

Hardware 

Nebraska: Lincoln —Lincoln Welding & Supply; Omaha 
Baum tron 

New Jersey: Kenilworth——Welding Sales Corp. 

New Mexico: Albuquerque —industrial Supply Co. 

Hobbs——Western Oxygen; Las Cruces, Silver City 

Car Parts Depot, Inc 

New York: Buffalo Welding Equipment Sales; New 

York-—-Welding Sales Corp.; Syracuse —Welding 

Engineering & Equip. 

North Carolina: Charlotte—Dixie Gases; Gastonia 

Gastonia Motor Parts 

North Dakota: Bismarck, Fargo—-Acme Welding Supply 

Ohio: Akron, Cincinnati, Cleveland, Columbus, Dayton, 

Mansfield Burdett Oxygen; Toledo —Odland Iron 

W orks 

Oklahoma: Tulsa —G-E Welding Sales Division 

Oregon: Eugene, Portland —J. E. Haseltine; Medford, 

Portiand—Industrial Air Products 

Pennsylvania: Allentown, Philadelphia, Pittsburgh — 

Arcway Equipment 

South Carolina: Columbia, Greenville -Welding Gas 

Products 

South Dakota: Deadwood ~Hendrie & Bolthoff 

Tennessee: Chattanooga, Knoxville, Nashville -Weld- 

ing Gas Products; Memphis —Delta Oxygen 

Texas: Abilene -M&M Welding Supply; Alice, Corpus 

Christi—Crane Welding Supply; Alpine, El Paso, 

Marfa, Pecos —Car Parts Depot; Amarillo—W elding 

Equipment & Supply; Beaumont -Beaumont oxygen; 

Brownsville, Harlingen —Acetylene Oxygen; Dallas 

Hill Equipment & Supply; Houston —G-E Welding Sales 

Division; Lubbock—-Welders Supply of Lubbock; 

Midland—-West Texas Welders Supply; Odessa, 

Pecos—-Western Oxygen; Orange—Marine & Pe- 

troleum Supply; Pecos--Welding Supply Co.; Plain- 

view—-Plains Welding Supply; San Angelo— South- 

western Welding Supply; Texorkana—Hughes Oxy- 

gen; Wichita Falls——-Nortex Welding Supply 

Utah: Salt Lake City —The Galigher Co. 

Washington: Seattle, Spokane—J. E. Haseltine; Spo- 

kane, Yakima—Industrial Air Products 

West Virginia: Bivefield Bluefield Supply; Charles- 

ton—Virginian Electric; Huntington, Logan —-Logan 

Hardware & Supply 

Wisconsin: Milwaukee —Machinery & Welder 

Alaska: Anchorage—Northern Supply 

Canada: Toronto—Canadian G.E. 

Hawaii: Honolulu —American Factors, Ltd. 
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The Inguring 
Weldor 


BY JOHN WILSON —— 


Question: Can you describe a combination pro- 
duction/maintenance soidering job solved with 
soldering? 

William S$. Sawyer Ii, El- 
mira, N. Y. Yes, and ic 
proves it’s not what the en- 
gineer knows but his know- 
ing where to seek answers. 
Working in a large type- 

A writer factory, we found 
Eutectic’s T-152 ‘tailor 
made" solder solved both 
the factory problem of join- 

j : ing type face to type bar and 

allowed our field service 
men to change types using an alcohol burner. Our 
operators like Eutectic’s easy workability . . . one 
called T-154 “the real George.” Perhaps that's 
why this new solder increased production 10 per 
cent. And T-152 gave us greater tensil and shear 
strength, which is important because with other 
solders keys came off. Considering Eutectic quoted 
considerably less per pound it doesn’t take an ac- 
countant to realize the treasure of direct product 
savings. 


Question: How does a New York City municipal 
weldor keep up with round-the-clock maintenance 
jobs on heavy equipment? 


Otte Krouss, Flushing, New 
York. We do it by standard- 
izing on EutecTrodes 4, 680, 
Steel Tectic, ChamferTrode 
and CutTrode. We keep 114 
to 5 yard buckets in service, 
repair tears in bucket sides 
and bottoms, worn bushings 
and bucket teeth. For in- 
stance, the removal of worn 
bronze bushings was a seri- 
ous problem before we used 
ChamferTrode and cut the removal of bucket bush- 
ings from several days to one hour. We find 
EutecTrode 680 to be the only electrode for truly 
crack-resistant welds on manganese and alloy steels. 
SteelTectic AC-DC fills a hole or gap between 
poorly fitting plates with little more effort than 
is required to rum a flat bead. Low-heat joining 
methods help us to do a better and faster repair 
job than ever before. 


Question: How have you overcome problems in 
repairing broken gear teeth due to fusion and 
brazing methods? 


Carmine Forte, Ellsworth, 
Pa. The 2600 degrees of 
heat needed for fusion gear 
teeth repair (arc) requires 
machining and means it 
costs $45 to fix up a $90 
gear. In addition, 80 per 
cent of gear teeth built u 
with ordinary mild steel rods 
produce chatter causing 
shops like the mine com- 

* pany I work for to discon- 
tinue fusion gear teeth repair. For five years now 
I've welded hundreds of gear teeth without one 
failure by using Eurectic's BronzoChrom. Using 
a “black heat’ eliminates crystallization of the 
tooth, the build-up wears in without chatter and, 
since BronzoChrom has the lowest possible co- 
efhcient of friction it wears fine. As a weldor I was 
glad to get rid of fumes, to always get a stronger 
weld and one that did not need machining. Using 
BronzoChrom I've cut the cost from 50°F to less 
than 5°% of the cost of a new gear. 


LOW 

TEMPERATURE WELD- 

ING ALLOYS clear up 

welding headaches . . . mini- 

. = mize warping, distortion, stresses 
and embrittlement. For time and money 
saving help on welding steels, aluminum, 


cast iron...and all “‘problem” alloys at 
temperatures below bose metal melting 
points...and for stronger, safer production 
ond maintenance welding just write ‘‘Weld- 
ing Data Bank”’ for your free copy of “1954 
Welding Dota File’ on your jobs. 
Copyright 1954 


EUTECTIC WELDING ALLOYS CORP. 
40-40 172nd St, Flushing, N.Y 
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Procurement (WCK), discussed the con- 
tracting procedures on Research and De- 
velopment Work at WADC. 


Flame Straightening 


Denver, Colo.—One hundred and four- 
teen members of the Colorado Section at- 
tended the extremely interesting meeting 
held on January 19th in the Alloy Shop 
of the Thompson Pipe & Steel Co. J. R. 
Stitt AS of the R. C. Mahon Co., Detroit, 
held the attendees’ interest with an ex- 
cellent discussion on the subject ‘Flame 
Straightening.” 


Flame Straightening 


Des Moines, Iowa.—January meeting 
of the Jowa Section, held on the 21st, 
turned out to be one of interest to an 
exceptionally enthusiastic group of weld- 
ing-minded people. An evening crowded 
full with a demonstration and informative 
talk on “Flame Straightening’ was well 
received by one of the largest meetings 
of the Section. 

Preceded by a tasty smérgAsbord-style 
dinner at the New Pastime Club, J. R. 
Stitt OWS, Welding and Research En- 
gineer of the R. C. Mahon Co., Detroit, 
covered the time saving, cost saving tech- 
nique involving the process of straighten- 
ing or bending structural steel members. 
A wide variety of industry applications 
were displayed by slides and the ease by 
which the flame straightening technique 
was used was one of great amazement to 
the viewers. 

Though the speech was of informal 
nature with questions asked spontaneously 
from the audience, it must be conceded 
that an orderly demonstration and display 
of information was very well received and 
enjoyed by all in attendance. 


Electronic Tubes 


Detroit, Mich. The Defroi/ Section was 
fortunate in having the RCA Tube De- 
partment, Victor Division, present a talk 
on “Techniques and Use of Electronic 
Tubes in Welding Applications,” which 
was presented by H. H. Wittenberg, on 
January 8th. Mr. Wittenberg’s talk was 
illustrated with slides, which were valua- 
ble in presenting a complicated subject. 

Buffet luncheon was served in the main 
dining room of the Engineering Society at 
the close of the meeting. 

There was an attendance of 120 at the 
technical meeting. 


Local Talent Night 


Erie, Pa.Three members of the 
Northwestern Pennsylvania Section were 
the speakers at the January 20th dinner 
meeting of this Section held at the General 
Electric Community Center. The speak- 
ers and their subjects were: Charles A. 


Section News and Events 


Long of the Struthers Wells Corp., who 
spoke on ‘‘Production Welding of Tank 
Cars”; R. K. Allen of the General Elec- 
trie Co., who spoke on “Soft Soldering 
and Brazing’; and George E. Danner of 
the Erie Forge & Steel Co., who spoke on 
“Welding of Counterweights on Diesel 
Engine Crankshafts.”’ 

Slides and motion pictures were used to 
illustrate the talks. 

An after-meeting feature was the show- 
ing, through the courtesy of the Allegheny- 
Ludlum Steel Co., of an excellent film en- 
titled ‘Legend of Useppa.”’ 


Resistance Welding 


Grand Rapids, Mich. A. Leslie Pfeil 
AWS of the Universal Welder Corp., Cleve- 
land, Ohio, presented an interesting semi- 
technical talk on “Resistance Welding 
What Makes it Tick” at the January 25th 
dinner meeting of the Western Michigan 
Section held at the Varsity Grille. Slides 
and a motion picture film ‘‘This Is Resist- 
ance Welding” shown through the courtesy 
of the General Electric Co., were shown 
in conjunction with Mr. Pfeil’s talk. 

Coffee talk consisted of a showing by 
Paul Hendrickson, local veteran, of excel- 
lent colored slides of Austria, Italy, Venice, 
Netherlands, Switzerland and Germany, 
which he snapped while stationed in those 
countries with the army. 


Sabine Division 


Houston, Tex. A Sabine Area Division 
of the Houston Section was organized at 
a meeting of 100 persons on January 28th 
at Lamar College, and Joseph H. Hoffman 
of Bethlehem Steel Corp., Beaumont, was 
elected Chairman. 

The Vice-Chairman is Glenn L. Martin 
of Consolidated Western Steel Corp., 
Orange, and the Secretary-Treasurer, 
Don Reichle of Ellerbee Brothers, Port 
Arthur. 

Directors, who, with the officers, will 
comprise the Board are George Trotter, 
Jr., Gulf Oil Corp., Port Arthur; 3. 
Scurlock, Magnolia Petroleum Co., Beau- 
mont; Don Reitz, Levingston Shipbuild- 
ing Co., Orange; E. F. Cooke, Beaumont 
Iron Works, and Walt Riley, Cities Serv- 
ice Oil Co., Lake Charles, La. 

Committee Chairmen were named as 
follows: Glenn Martin, Program; C. FP. 
Boyvdston, Linde Air Products Co., Hos- 
pitality; Earl Smith, Air Reduction 
Magnolia Co., Publicity; George Trotter, 
Jr., Technical, and Edward T. Mai, South- 
western Laboratories, Attendance. All 
members are on the Membership Com- 
mittee. 

W. P. Gerhart, Metallurgical Engineer 
from Bethlehem, Pa., spoke on his more 
than 40 vears’ experience in all phases of 
the making of steel. A film was shown on 
“Streamlined Steel,”” which depicted the 
making of cold and hot steel products, 
from the ore pile to the finished product. 
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Assisting in organization of the Sabine 
Division were Bill Greer, Chairman, and 
James Earthman, Vice-Chairman, of the 
Houston Section. 

All four cities in the Texas-Louisiana 
Sabine District were represented at the 
meeting. 


Director’s Meeting 


Houston, Tex.—On January 13th, a 
Director's Meeting of the Houston See- 
tion was held to formally accept the trophy 
presented by the National Headquarters 
to the Houston Section for the largest 
membership gain for three consecutive 
years. A photograph taken at this meet- 


ing is reproduced herewith. 


Welding Titanium.” This lecture has 
been presented at other meetings, and was 
published in Tint JOURNAL. 

Mr. Stevenson passed several research 
titanium test parts around through the 
audience. The parts consisted of a titan- 
ium spherical high-pressure tank made 
from Ti 75A commercially pure titanium. 
Other parts made from the same type of 
material were typical examples of rocket 
thrust motor shells with spherical segment 
coolant passages welded on shell 
periphery. 

In general, Mr. Stevenson spoke about 
welding technique coupled with weld 
joint design. 


His most recent welding process con- 


Seated (left to right): Roy P. Pringle, Director: James Earthman, Vice-Chair- 
man: W.H. Greer, Chairman; Ben H. Allen, Director: Henry Howard, Director. 
Standing (left to right): John C. Cassidy, Director: P. V. Pennybacker. Director: 
G. C. Mathews, Jr., Director: Wm. S. Gleason, Director: H. H. Wehner. Jr.. 
Secretary-Treasurer: Ernest O. Newman, Director 


Unfired Pressure Vessels 


Houston, Tex.The regular monthly 
dinner meeting of the Houston Section for 
January was held on the 27th at the Ben 
Milam Hotel with an attendance of 137 
at dinner and meeting. A general dis- 
cussion of “Carbon and Low-Alloy Steel 
Plates for Unfired Pressure Vessels’’ was 
presented by W. P. Gerhart of the Bethle- 
hem Steel Co., Bethlehem, Pa. 

Through the courtesy of the Humble Oil 
& Refining Co., a film entitled, ‘Tarpon 
Fishing’? was shown prior to the meeting. 

Both the discussion by Mr. Gerhart 
and the film were excellent. 


Fusion Welding Titanium 


Los Angeles, Calif... The January meet- 
ing of the Aircraft and Rocketry Panel 
of the Los Angeles Section was held on the 
7th at Swally’s Cafe. 

The Panel Chairman, Francis H. Steven- 
son BWS, of the Aerojet Corp., gave a 
short dissertation on the subject **Fusion 
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sists of semiautomatic procedures. The 


weld joint is restrained by pressure chill 
bars made from copper and the parts are 
rotated at welding speeds. A’ welding 
operator manipulates the Heliare torch 
and adds rod by hand. 

Cleanliness of the weld joint and filler 
rod and purity of the shielding gas is still 
important. A few mistakes have been 
made with regard to the shielding gas 
purity (tank too low, specifically). 
Heavily ‘‘burnt” or excessively oxidized 
titanium welds generally fail in a brittle 
manner at low stress levels. In view of 
this observation, Mr. Stevenson recom- 
mended that titanium welds displaving 
excessive oxidation be ground out and 
rewelded. 

Hydrogen introduced into welds tend 
to “age harden’”’ titanium during welding. 
This condition, if excessive, can be deter- 
mined by metallography checks. Look 
for a needlelike structure (acicular) and 
test the area by X-ray defraction. 

After Mr. Stevenson’s talk and review 
of pieture slides a question-and-answet 
period was held. 
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Bulletin 17 


The Welding Research Council and 
the Ship Structure Committee have 
joined forces in publishing and mak- 
ing available to industry an interest- 
ing comprehensive report entitled: 
A Critical Survey of Brittle 
Failure in Carbon-Plate Stee! 
Structures Other Than Ships 


by M. E. Shank 


This report covers both riveted 
and welded failures and should 
form part of the library of anyone 
concerned in any way with the prob- 
lem of brittle fractures, 


Now on Sale 


Price $2.00 


AMERICAN WELDING Sociery 
33 W. 39th St., 


New York 18, N. Y. 


WANTED 


for Murder...« 


CANCER is the cruelest enemy of all. 
No other disease brings so much suf- 
fering to Americans of all ages. 
YET—though 23 million living Ameri- 
cans will die of cancer, at present rates 
—there is reason for hope. Thousands 
are being cured, who once would have 
been hopeless cases. Thousands more 
can have their suffering eased, their 
lives prolonged. And every day, we 
come closer to the final goal of cancer 
research: a sure and certain cure for 
all cancer. 

THESE THINGS have all been helped by 
your donations to the American Cancer 
Society. 7/is year, please be especially 
generous! 


Cancer 
MAN'S CRUELEST ENEMY 


Strike back—Give 


AMERICAN CANCER SOCIETY 
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Inspection Trip 


Louisville, Ky.An inspection tour of 
the Tube Turns plant at Louisville was 
made on January 26th by 60 members of 
the Louisville Section. This plant is a 
large manutacturer of welding fittings and 
some new and unique methods of welding 
were demonstrated. The various stages 
of welding fittings manufacture were 
demonstrated and the members were im- 
pressed by the complexity of the manu- 
facturing process for this relatively simple 
product, 


Positioners, Jigs and Fixtures 


Milwaukee, Wis.—-The December 18th 
meeting of the Milwaukee Section was held 
at the Ambassador Hotel in the new rath- 
skeller. Cocktails were served to ap- 
proximately 76 members and guests prior 
to dinner. An honored guest at this 
meeting was J. F. Lineoln QS of the Lin- 
coln Electric Co. 

After a very enjoyable dinner, Walter 
H. Tacke, Expressway Engineer from the 
Milwaukee Street Department, gave a 
very timely and interesting talk on the 
future Milwaukee expressway system to 
be completed by 1980. 

Chairman Werner Gallo introduced the 
technical speaker, Anthony K. Pandjiris 
AWS, President of the Pandjiris Weldment 
Co,, St. Louis, who spoke on the subject 


Positioners, Jigs and Fixtures for Semi- 
and Fully Automatic Submetged Are 
Welding.” Anthony Pandjiris is an old 
friend of the Milwaukee Section since he 
attended Marquette University here and 
has spoken before the Section several 
times in the past. His catch phrase ‘All's 
well that ends welded” never fails to please 
the audience and is a phrase we should all 
use to promote welding. He pointed out 
that successful welding depends upon (1) 
the welding operator, (2) proper design of 
the work, (3) proper welding equipment 
and (4) mechanical manipulation of parts 
for the best position. His array of in- 
geniously designed positioners and special 
manipulators for positioning of the work 
for high-quality down-hand welding never 
fails to awe his listeners. In fact, he 
thoroughly convinces everyone that it is 
absolutely essential to mechanize for 
efficieney—mechanize the work, mech- 
anize the welding head and put the welder 
in the proper position. If this is done, 
costs will come down greatly. 

His main slogan is to ‘cut out welding 
acrobaties.”” The talk was well received 
as indicated by the numerous questions 
asked at the end. 


Selenium Rectifier 


Milwaukee, Wis. The January 22nd 
meeting of the Milwaukee Section was 
held at Miller Inn. Approximately 150 
members were guests of the Miller Brew- 


FOR QUALITY WELDMENTS © 


CORPORATION 


QUALITY CONTROLLED 
STAINLESS STEEL 


WELDING WIRE 


> available in Spools, Coils 


and Lengths 


> for Automatic and Semi-Automatic 


gas and inert arc welding 


Welding wire by Drawalloy is made to an 
exacting high standard ...a high stand- | 
ard established by long-experienced weld- 
ing men who know welding wire and how | 
it must work. Set-ups for automatic and 
semi-automatic welding take more time 
than regular welding. That’s why you 
want to be sure of satisfaction before you 
start. This reliable wire is weld-tested to 
give the best results every time. Write 
today for complete information and prices. 


WELDING SUPPLY DISTRIBUTORS: Get prompt delivery 


on all sizes and grades of stainless and tool stee! 


wire for gas and inert arc welding. 


CORPORATION 


LINCOLN HIGHWAY AT ALLOY STREET 


* YORK 13, PENNSYLVANIA 
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ing Co. No description of the meeting 
ean do it justice. Miller personnel have 
always proved to be excellent hosts on 
such oceasions. Immediately after ar- 
rival, tours were conducted through the 
brewery. These tours are always in- 
teresting. Following the tours, beer and 
food were served in abundance to a rather 
thirsty and hungry crowd. 

After dinner, Mr. Miller weleomed the 
group and supplied the after-dinner pro- 
gram showing the films “Green Bay 
Packer Football Hi-Lights of 1952"’ and 
the “Milwaukee Story” which is the 
fabulous story of the Milwaukee Braves 
and their successes of 1953. 

Chairman Werner Gallo then intro- 
duced the technical speaker, G. K. Wil- 
lecke QW, physicist for the Miller Electric 
Mfg. Co. of Appleton, Wis., who spoke 
authoritatively on the subject ‘“‘An 
Evaluation of the Selenium Rectifier for 
Welding Purposes.” Mr. Willecke served 
on the Lawrence College faculty and as a 
consultant prior to his employment on a 
full-time basis with the Miller Electric 
Manufacturing Co. He is an accepted 
authority on selenium rectifier welders 
and covered the subject thoroughly with 
regard to improved performance and weld 
quality, as well as reduction in main- 
tenance and operating costs. 

The Milwaukee Section’s Educational 
Course held at Marquette University 
through the month of January was a huge 
success, as usual, with attendance ranging 
from 150 to 250 to hear such outstanding 
speakers as John J. Chyle, Second Vice- 
President of the AWS, Mark Hippe WS, 
and Art Kugler (Mr. Welding). The last 
meeting was a plant tour on January 31st 
through the Heil Co. Plant No. 3. Elmer 
Klump @S, of the Falk Corp., was chair- 
man of the Educational Course Committee 
this vear and the attendance is certainly 
indicative of its success, 


Design of Jet Engines 


Newark, N. J.—On Tuesday, January 
19th, close to 125 members and guests of 
the New Jersey Section, AWS, and the 
North Jersey Section, ASME, turned out 
to enjoy an outstanding joint meeting. 
This vear the ASME group were the hosts, 
and they were represented officially by 
G. P. Thom, Vice-Chairman, and H. L. 
Hayden, Secretary-Treasurer. 

After dinner a film was shown through 
the good auspices of the guest speaker. 
It was a recording of engineering depart- 
ment struggles to convert a British jet 
engine to American production practices. 
Taken at the plant of Wright Aeronautical 
Division of Curtiss-Wright Corp. under 
the title of “It Must Be Producible,”’ the 
film highlighted the working of a huge 
and costly forging into a quite inexpensive 
welded assembly of stamped parts. 

Following the movies, E. V. Farrar, 
Assistant Chief Engineer of the Wright 
Aeronautical Division, discussed 
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toright: Charles G. Myers, Jr., ASME: G. B. Thom, ASME, Vice- 


E.V. Farrar, Guest Speaker; Nicholas F. Kiernan WS. Chairman: W. 


. Hanza- 


lek, ASME, and F. O. Bodine WS 


Design of Jet Engines.” Mr. Farrar 
holds degrees from Kansas State College 
and Purdue University and has been 
with Wright since 1929. 
ber of the Civilian Technicians Group 
which visited Germany, France and Eng- 
land for the U. 8. Navy to study European 
developments in aircraft power plans. 

Mr. Farrar brought the jet engine down 


He was a mem- 


to the level where people could under- 
stand him so effectively that he set off a 
prolonged  question-and-answer period 
after his talk. Hence, it was an enthu- 
siastic group which lingered over the after- 


meeting snack. 


Membership Campaign 


Newark, N. J.—A 28-man Membership 
Committee of the New Jersey Section, 
under the general chairmanship of Tom 
McElrath, has examined the over-all prob- 
lem of chapter membership with the result 
that two subcommittees have organized 
and gotten their respective campaigns 
under way. The ‘Contact 
mittee” has the responsibility of salvaging 


Subcom- 


delinquent members and of bringing in 
new members. The ‘‘Greeters Subcom- 
mittee” has the responsibility of welcom- 
ing new or renewed members and of 
orienting them into the membership 
group. 

R. V. Thornton is functioning as Chair- 
man of the Greeters Subcommittee and is 
backed up by W. Begerow, W. F. Don- 
nelly, EK. W. Evanson, J. Gunning, F. 
Krol, G. W. Nigh and 8. Yaezko. 

Tom McElrath is personally acting as 
Chairman of the Contact Subcommittee 
and the following are working with him: 
W. Barnes, C. Behrind, J. S. Blair, F. 
Brandenberg, T. Engle, G. Giangrande, 
R. Gilmartin, J. Gunning, J. Hila, G. 
Katcher, B. Keep, N. Kiernan, J. Lyons, 
R. Metzger, G. Munson, J. Murphy, F. 
Portik, S. Sullivan, R. Thornton, and F. 
Waterman. 


Alloy and Stainless Steels 


New York, N. Y.—‘“‘Effects of Alloying 
Elements Upon the Properties of Steel 
Weldments” was the subject of a paper 
presented to the New York Section on 
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January 12th. Helmut Thielsch 
Director of Applied Welding Engineering, 
Eutectic Welding Alloys Corp., Flushing, 
N. Y., was the speaker. Mr. Thielsch 
outlined the metallurgical purposes of 
alloving elements, as well as their effect 
upon the metallurgical structure of weld- 
ments. Discussed were hot and cold 
cracking of mild alloy and stainless steel 
weldments as effected by alloving elements 
and impurities; the effects of cooling rate, 
heat treatment, section thickness, re- 
straint and alloying in dissimilar-metal 
joints. Recommendations were made by 
Mr. Thielsch as to the proper balancing be- 
tween alloying electrodes and base metals 
and the results and examples of recent re- 
search investigations were reported. 

The meeting was held at Schwartz’s 
Restaurant, 54 Broad St., New York City, 
where dinner was served prior to the 
technical session. G. H. Grunthaler 


Technical Chairman. 


served as 


Pressure Vessels 


Oak Ridge, Tenn.—Seventy members 
and guests of the Northeast Tennessee Sec- 
tion attended the December 14th dinner 
meeting held at the S&W Cafeteria in 


Knoxville. 


NEW! ARCAIR MODEL 
HEAVY DUTY TORCH 


The Arcair Model ‘‘J-5” is a rugged, 
heavy duty torch for gouging and cut- 
ting all metals, using only electric arc 
and compressed air. 

Low in original cost and low in main- 
tenance cost, the “J-5” is a special, sim- 
plified Arcair model for foundries and 
other production-line operations . . . 
removing excess metal, gouging out 
cracks and removing defective welds. 


Complete with two interchangeable 
heads for '»" and *,” electrodes. $69.50 


Write for free bulletin with fects and photographs of 
time and money-saving epplicetions of the Arcair 
Torch. Arcair Company: 
EASTERN DIVISION, 
P. O. Box 337, Lancaster 
Ohio; WESTERN 

VISION, P. O. Box 
4107, Bremerton, Wash. 


Cuts all metals—usina only electric arc and compressed air 


Distortion and Its Control 


Pascagoula, Miss.—I.u Motte Grover 
AWS, of the Air Reduction Sales Co., was 
the speaker at the December 2nd dinner 
meeting of the Pascagoula Section, held 
in the Shipyard Cafe, Ingalls Shipyard. 
Mr. Grover’s subject ‘Welding Distortion 
semitechnical in 


and Its Control’? was 
nature and of particular interest to the 
production department personnel. 


Northeast Tennessee Section Meeting 


Standing (left to right): L. G. Domer, J. C. Thompson, E. C. Miller, D. G. Scott, 
J. M. Case, R. A. Davis, A. E. Pearson and J. R. McGuffey 


Robert A. Davis OWS, of the Chicago 
Bridge & Iron Co., Birmingham, Ala., 
presented an excellent talk on the ‘‘Fab- 
rication and Field Erection of Pressure 
Vessels... Mr. Davis’ talk was accom- 
panied by slides and a film. 

Alfred I. Pearson, Vice-President, Dis- 
trict No. 3, gave a short talk on Member- 
ship in the AWS 
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Heliare Welding 


Peoria, The regular monthly dinner 
meeting of the Central Illinois Section was 
held on December 16th at the Sazarac 
with an attendance of 43. A discussion 
on the history and development of heliare 
and sigma welding was presented by R. L. 
Burch @9, District Engineer of the Linde 
Air Products Co., Detroit. The talk was 
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What 

are the facts 
about cancer 
of the lung—? 


JUST 20 YEARS AGO, in 1933, cancer of 
the lung killed 2,252 American men. 
Last year, it killed some 18,500. 


WHY THIS STARTLING INCREASE? Our re- 
searchers are finding the answers as 
rapidly as funds and facilities permit 
—but there isn’t enough money. 


DOCTORS ESTIMATE that 50% of all men 
who develop lung cancer could be 
cured if treated in time. But we are 
actually saving only 5% . . . just one- 
tenth as many as we should. 


wHy—? Many reasons. But one of the 
most important is not enough money 
... for mobile X-ray units, for diag- 
nosis and treatment facilities, for train- 
ing technicians and physicians. 

THESE ARE JUST A FEW of the reasons why 
you should contribute generously to 
the American Cancer Society. Won’t 
you please do it now? Your donation is 
needed—and urgently needed—for the 
fight against cancer is everybody’s fight. 


Cancer 
MAN'S CRUELEST ENEMY 


Strike back—Give 


AMERICAN CANCER SOCIETY 


GENTLEMEN: 
() Please send me free information 
on cancer. 
C) Enclosed is my contribution of 1 
to the cancer crusade. 1 


Simply address the envelope: CANCER 
c/o Postmaster, Name of Your Town 


very well presented and accompanied by 
slides. Mr. Burch has been connected 
with the Linde Air Products Co. since 
1943, upon graduation from Stevens Insti- 
tute of Technology. 

Technical Chairman was Harold Baker, 
Superintendent, Cases and Frames, Cater- 
pillar Tractor Co. 


Weldments 


Peoria, Ill.—-Anthony K. Pandjiris AWS, 
President of Pandjiris Weldment Co., St. 
Louis, Mo., covered various methods of 
positioning weldments for the most eco- 
nomical location in a talk given at the 
January 20th meeting of the Central 
Illinois Section. 

William H. (Bert) Neptun, Factory 
Manager, Hyster Co., Peoria, was tech- 
nical chairman of this meeting. 


Electrodes and Rods 


Phoenix, Ariz.—The January meeting 
of the Arizona Section was held on the 
20th in the Saratoga Room of the Hotel 
Westward Ho. 

The speaker of the evening was Emery 
Garriott AVI, Manager, Weldrod and Wire 
Department, Ampco Metal, Ine., Mil- 
waukee, Wis. Mr. Garriott spoke on 
“Jobs You Can Do with Bronze Elec- 
trodes and Filler Rods.” 
was of very general interest since it dealt 
with the electrodes and filler rods covered 
in the current AWS-ASTM Specifications 
and described the general usage of these 
electrodes and filler rods, and the selection 
of the proper one for specific applications. 
The use of bronze electrodes and filler 
rods is not confined to the joining of 
copper-base alloys. Actually, a very 
small percentage is used for this purpose. 
The talk covered the usage in the joining 
of iron-base metals, dissimilar metals, 
overlay welding for bearing, wear and 
corrosion-resisting — applications. Tre- 


His presentation 


mendous advances have been made in 
the welding of copper and copper alloys, 
as well as in the use of bronze electrodes 
and filler rods in general. The nonmag- 
netic Minesweeper Program alone has 
added tremendous impetus to the progress 
in bronze welding which has been greatly 
expanded in this postwar and Korean War 
era, 

All present at the meeting agreed it 
was highly informative and interesting. 


Oxygen Cutting 


Pittsburgh, Pa.—A get-together start- 
ing at 6:30 P.M. at the Hotel Webster 
Hall with an attendance of 47, preceded 
the January meeting of the Pittsburgh 
Section which was held at the Mellon 
Institute with an attendance of 84. 

R. L. Deily 9, Steel Mill Representa- 
tive, General Technical Development De- 
partment, Air Reduction Sales Co., New 
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York, presented some brief background 
information on oxygen in steel mills. The 
development of oxygen cutting processed 
to its present level of being able to cut 
any thickness of steel the mills can make 
was described. Also discussed were the 
advantages of hot cutting and machines 
for same. Mr. Deily used both films and 
slides to illustrate his remarks. Mr. Deily 
has been connected with the Air Reduc- 
tion Sales Co. since 1951. 

An American Society for Metals sound 
film ‘‘Metal Crystals’ was shown after 
the meeting. 

Announcement was made of the promo- 
tion of Chairman W. H. Kauffman to 
Manager of Welding Sales for Williams «& 
Co., Pittsburgh. 


Metal Transfer 


‘Portland, Ore.—-The fourth meeting of 
the Portland Section of the AWS was held 
on January 12th in the usual meeting 
room at the Heathman Hotel in Portland. 
A social gathering preceded the dinner at 
7:00. Dinner was served to 44 members 
and their guests. Following a short inter- 
mission, while the tables were cleared and 
the projector was set up, the meeting was 
called to order by Chairman Stan Richard- 
son. The business on hand was presented 
to the membership and an announcement 
was made to the effect that the educa- 
tional program, originally planned for this 
spring, has been postponed until a date 
later in the fall. This was due to a con- 
flict with the ASM program now in effect. 

The speaker of the evening was E. C. 
(Gene) Nollman of Linde Air Products, 
Seattle. He presented a very interesting 
talk on ‘‘Metal Transfer in Sigma Weld- 
ing.” His talk was accompanied with 
slides, each of which he explained fully. 
The talk was concluded with a motion 
picture film of approximately 20 minutes’ 
duration. This was one of the most un- 
usual films the Section has had an opportu- 
nity to see ina long time. It is something 
of keen interest to all and also a film that is 
recommended to all who might have a 
chance to see it. 


Social Meeting 


Saginaw, Mich.— One hundred and sixty 
members of the Saginaw Valley Section 
and their wives and guests had a very 
enjoyable evening at the December 10th 
social meeting held at the High Life Inn, 
Saginaw. Entertainment was furnished 
by Mr. Diltz of Horn and Diltz, Ine., who 
showed a sound, color motion picture film 
on “Hunting Bear on Kodiak Island, 
Alaska.” 


Aircomatic Welding 


Saginaw, Mich.— An after-dinner movie 
entitled ‘“‘Fair Exchange’? was shown to 
82 members and guests who attended the 
dinner meeting of the Saginaw Valley 
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Section on January 14th in Saginaw, W. Raney AWS, Sales Manager, Welding Are Welding 

Mich. This movie described the inter- Machines, A. O. Smith Corp., Milwaukee, 

workings of the stock market and ways Wis., who spoke on the “Selenium Recti- Springfield, Ill.—The Sangamon Valley 

in which a person with an average income fier Welder.” This relatively new method Section held its January dinner meeting on 

may invest money to make money. of producing direct current for are the 12th at Mill Tavern, Springfield. A 
R. B. Wileoxson MWS, Technical Sales welding was of special interest to those who nontechnical discussion on “‘Are Welding’”’ 

Manager of Air Reduction Sales, Detroit, must specify and use are welding machines. was very ably presented by E. DiLiberti 

introduced David R. Kelker, Welding En- Mr. Raney was formerly connected with aS, of the Air Reduction Sales Co., New 

gineer of Air Reduction Sales, Murray the Linde Air Products Co. and was Vice- York. 


Hill, N. J., the main speaker of the even- President of Sales in the Arms-Franklin — 
ing. His address on ‘“‘Inert-Gas Con- Corp. The AWS Convention 
sumable Electrode Welding’ with the 
Aircomatic gun was of great interest to all , BROUGHT US TOGETHER 
attending. Applications of the process Indian Problems AND ITLL DO THE 
to the welding of aluminum, aluminum South Bend, Ind.—The men of the 
bronze, bronze, copper, stainless steel and Michiane 
4 mild steels ee ae nicely illustrated by with a dinner and talk at the Morningside 
a movie showing various job setups. rhe Hotel on January 2ist. For the ladies 
are characteristics were also studied from a benefit, the speaker was distinctly non- 
movie which was taken at 4000 frames per tnctisihead, ; 
e second. This ‘se illustrated the are John R. Winchester, Secretary of the 
characteristics with various combinations Potawatomi Indian Tribe, discussed 
various phases of the Indians problems, 
gas media. Slide illustrations which ac- mainly those experienced today among 
operations and characteristics of — this Potawatomis and Chippewas, whose home 
was originally in the area around the 
south end of Lake Michigan. 
eis Mr. Winchester grew up as a regular 
Christmas Party citizen attending public aii in Dowag- 
Salt Lake City, Utah.— Fighty members iac, Mich., and after a tour with Uncle 
and guests of the Salt Lake City Section Sam’s ski-troopers, came back to his 
attended the Christmas Party dinner and native haunts to make his way as a con- 
dance held on December 18th at the Art servation officer, deputy sheriff and small 
Barn. A good time was had by all. town police officer. Many of his experi- 
; ences seemed to have come out I quite AWS SPRING TECHNICAL 
a humorous twist, even though they in- . 
Selenium Rectifier Welder cluded social prejudice, the white man’s MEETING 
distrust of the Indian, and a problem AND 
South Bend, Ind.—-The Michiana Sec- child’s disregard of the law in general. 
tion held its December meeting on the 17th While the members did not advance WELDING EXPOSITION 
at the Chain-O-Lakes Conservation Club- their welding art, they did have a good 
house. Speaker at the meeting was R. time. BUFFALO, N. Y. May 4-7, 1954 
LIST VEW MEMBERS 
Effective December 31, 1953 


MEMBERSHIP CLASSIFICATION 


A—Sustaining Member C—Associate Member E—Honorary Member 
B—Member D—Student Member F—Life Member 


ARIZONA COLORADO 


Frank, Edward H. (B) 
Heck, Virgil A. (B) 


CHICAGO 


Moylan, John J. (B) Parcells, Charles H. (B) Martino, Paul R. (C) Johnson, F. E. (B) 
Salem, Rocco (C) pre. (B) 

BIRMINGHAM COLUMBUS Marsden, Ray F. (B) 

Kruckmeyer, J. C. (C) MeGahey, Thomas L. (B) 

CINCINNATI Beam, Richard E. (B) Willinea (©) 

BOSTON Miller, Clifford Thomas, Jr. (B) Blozis, Peter (C) Stuart, A. (C) 

Gregory, Philip"L. (C) DALLAS 

McKeon, Edward, J. A. (C) 

Murphy, Joseph B. (B) CLEVELAND Bellmire, Herman 8. (B) HOUSTON 

Worrell, Robert#H. (B) Squibb, Charles (C) 

- Gensert, Richard M. (B) Annable, Grant J. (B) 

Hagerty, Kenneth W. (C) Midman, Frank G. (B) 

BRIDGEPORT Kaldma, Lembit (C) DETROIT Prantdlins Marvin (B) 

Goldman, Hubert M,. (C) Scalzi, John B. (B) Dec., Frank 8. (B) Freeman, Harold B. (B) 
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Gayden, Harry P., (D) 
Gibbs, Fred E. (I 
Joplin, Bill James (D) 
Kelly, Joseph L., Jr., (D) 
Martin, Howard D. (D) 
Meeks, William C. (C) 
Patterson, Maurice M. (1) 
Yarbrough, Gordon (D) 
Young, Donald W. (C) 


INDIANA 

Daum, Herbert A., Jr. (B) 
Donahue, Stephen L. (B) 
Green, George C. (B) 
Kerber, Robert G. (C) 
IOWA 

Burke, Thomas A., Jr. (C) 
Stilwell, R. R. (B) 
IOWA-ILLINOIS 

Ough, J. W. (B) 

LOS ANGELES 

Hicks, Allen 8. (B) 
Krueger, Robert (B) 
Lage, Arnold P. (C) 
LOUISVILLE 

Burdine, John Raymond (C) 
MAHONING VALLEY 
Cooksey, John C. (B) 
Fraser, Paul (B) 
Rydarowicz, Stanley J. (B) 
MICHIANA 
Sprinkle, William M. (B) 
MILWAUKEE 


Knapp, William H. (B) 
La May, Paul W. (B) 
Maes, Arnold A. (B) 


NEW JERSEY 

Galton, Paul (B) 

Murphy, John J. (B) 
Richter, Kenneth E. (B) 
NEW YORK 

Byron, Osear (C) 

Grant, Erald A. (B) 
Gregory, A. T. (A) 
Kenworthy, Robert T. (C) 
Petrowski, Carl (C) 

Tyte, Charles (C) 
NIAGARA FRONTIER 
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Schrade, Karl H. (C) 
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Romanus, John T. (B) 


PORTLAND 
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Bird, Keith E. (C) 
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Gibbs, Clinton Frank (C) 
Sileox, Murel L. (C) 
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Helmer, Robert C. (C) 
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Warren, John A. (B) 
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Feilds, Leroy (C) 
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Corley, Horlan H. (B) 


WESTERN MICHIGAN 
Neibarger, Cecil F. (C) 
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the UNIVERSAL Electrode 


SW-15 was developed as a universal type 
electrode which could be used for an 
extremely large number of welding ap- 
plications. There is nothing else like it 
among mild steel welding electrodes! 


it performed its first welding job in 1939, 
when it was taken into the field to weld 
refractory towers and sustaining struc- 
tures usually welded with an E6010 elec- 
trode. It bettered the standard welding 


INDUSTRY. 5% SW15.. 69% 


Here is the evidence of SW-15's growing ac- 
ceptance among manufacturers who depend 
on welding in the fabrication of their prod- 
ucts. SW-15 showed a 69% increase in ac- 
ceptance and use, as compared with but 5% 
for all electrodes produced by the welding 
electrode industry from 1950 through 1952. 


time by 50%! Its unusual ease of manip- 
ulation won over welding operators 
and management at once. New operators 
were readily trained with the SW-15. 
Its x-ray quality set new inspection 
records. 


Two years later, SW-15 was welding on 
E6012 applications in the farm machin- 
ery and heavy road equipment fields. 
Excellent weld appearance, easy slag re- 


A few of the principal users 
of SW-15 are: 


J. D. Adams 

Allis-Chalmers 

E. W. Bliss 

Caterpillar 

Chicago Bridge & Iron 

Fruehauf Trailer 

Graver Tank & Mfg. Co. 

The Heil Company 

Iinois Central Railroad 

Ingersoll Rand 

lowa Iron & Steel 

Kansas City Structural 
Steel 

Link Belt Speeder 

Omaha Steel 

Pullman Standard Car 

Santa Fe Railroad 

Sheffield Steel 

Trackson Company 


Others are joining these 
every month to share the 
many benefits which the 
SW-15 electrode pro- 
vides their welding 
operations. 


moval, little spatter, good bead with no 
undercut helped improve the products 
of these manufacturers. 


Manufacturers found that due to SW-15’s 

ease of manipulation, operators avoided a 
slag inclusions, fish-eyes and voids, even 

in welds made in the field. This greatly 

improved the appearance of products it 

was used on and enhanced the reputation 

of the SW-15 electrode. 


SW-15 is just one of the welding electrodes in the A. 0. Smith line. There’s an A. O. Smith electrode for every welding requirement: 


MILD STEEL HIGH TENSILE LOW HYDROGEN 
AWS A. Oo AWS A. AWws A. Oo 
Smith Smith Class Smith 
E6010 SW-10 £7010 SW-75 E6016 SW-64 
E6011 SW-14 E7010 SW-80 E6016 SW-65 
E6012 £7020 SW-76 E7016 SW-84 
£6012 SW-17 E8013 SW-86 E8016 Sw-81 
E6013 SW-15 E9010 SW-95 E9016 SW-90 
E6013 SW-16 E9013 SW-87 E9016 SW-89 
£6020 SW-35 E10013 SW-88 E10016 SWw-100 
E10020 SW-101 E12015 SW-120 


E12016 SW-103 


STAINLESS STAINLESS 

Alsi A. Oo. Alsi A. 
Class Smith Class Smith 
502 SW-151 310 SW-359 
505 SW-152 310 SW-169 
410 SW-153 310 SW-168 
430 SW-154 310 SW-368 
308 SW-162 316 SW-160 
308 SW-362 317 SW-161 
309 SW-166 318 SW-158 
309 SW-167 347 SW-157 
310 SW-159 347 SW-357 
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THE ONE MILD STEEL ELECTRODE 


can 


..in ease of handling 


SW-15 is easy for operators of vary- 
ing skills to use in all positions. Its 
smoother arc, self-cleaning slag, lack 
of spatter and freedom from under- 
cutting makes it easy for anyone to 
produce good looking, sound welds 
with the least effort! 


..in quality of weldments 


SW-15 welds have high-strength, high-yield, good duc- 
tility and consistent x-ray quality. This extends its use to 
welding low alloy, high tensile steels such as corten and 
manten, impossible for electrodes whose physicals can’t 
compete with those found consistently in SW-15 welds. 


..in appearance of welds ANS 2 SY 


SW-15 bead appearance is ex- 
cellent. Operators becomemore ~ 
quality conscious, inclined to , 
turn out better welding jobs E& “ 
when they can put in good look- 

ing welds so easily. Fine appear- 

ing welds aid in the ultimate sale of welded products, 
build acceptance not otherwise obtainable! 


..in usefulness 


SW-15 has an unparalleled history of success in many 
fields. Shipyards, during the war, cut their welding time 
as much as 50% by actual test and used millions of 
pounds of SW-15. Farm and construction equipment 
builders found its ease of application and high resistance 


WELDING PRODUCTS DIVISION 
Milwaukee 1, Wisconsin 


NTERNATIONAL DIVISION: MILWAUKEE 1, WISCON 


to impact desirable, and be- 
came large users. Field erectors 
of vessels and structures 
adopted SW-15 after testing 
its speed, ease of application, 
and x-ray quality in weld- 
ments. Every year, more man- 
ufacturers turn to the SW-15 electrode to spur produc- 
tion and improve the quality of their welded products. 


...in cutting costs 


SW-15 is in a class by itself. Elimination of time-con- 
suming slag removal, absence of spatter to be cleaned 
up, ease and speed of application by any operator, free- 
dom from undercutting, excellent weld appearance that 
reduces inspection costs, and avoidance of weld repairs, 
all lower production costs directly. Then, the freedom 
from worry over possible field failures tops off these 
reasons for the tremendous use of SW-15 electrodes. 


...in your plant 


SW-15 has a use in your plant or shop. May we suggest 
that you write us or contact your local A. O. Smith Dis- 
tributor for full details and a chance to test this re- 
markable mild steel electrode. 
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A.Q. Smith your 
best single source for 
A.C. AND D.C. WELDING MACHINES 


with rated outputs from 180 to 1400 amps. 


Ac. “CHAMMONT” A.C. “CHALLENGER” A.C. “AUTOMATIC” A.C. “UTILITY” D.C. “RECTIFIER” D.C. “FIELD KING” 


Simplif; r weldin 
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WELDING 
PRODUCTS 


ORAT MILWAUKEE 1, WISCONSIN 


INTERNATIONAL DIVISION: MILWAUKEE 1, WISCONSIN 


Electrode holders Ground clamps 
ts Cable, connectors, lugs, and splicers Helmets, shields, headgear, and goggles 
A O.Smith DIVISION . 


Proposed Amendments 


of By-Laws of 
the 
American Welding Society 


as approved by Board of Directors at meetings 
held on October 22, 1953 and January 18, 1954 


Notice is hereby given to the membership of the AMERICAN WELDING 
Society of proposed amendments of the Soctety’s By-Laws, in accordance 
with Article XXI, Amendments, Section 1, of the Soctery’s By-Laws, of 
June 25, 1952, copy of which follows: 


“Amendments to these By-Laws may be instigated by petition signed by 
not less than ten voting members in good standing, or by the Constitution 
and By-Laws Committee, or by the Board of Directors. Such proposed 
amendments to become effective must be approved by not less than two- 
thirds of the Directors present at a meeting regularly called for consideration 
of same. If approved by the Board of Directors, amendments shall be 
considered temporary and then shall be published in THe We.pinG 
JOURNAL and not less than 30 days later shall be submitted to the member- 
ship for letter ballot; except that no letter ballot shall be submitted to the 
membership in the months of May, June, July and August. The amend- 
ments shall be adopted at the expiration of 60 days after mailing the bal- 
lots unless rejected by at least 20% of the eligible voting membership.” 


The amendments as proposed follow, correlated with the present By-Laws. 
All members are requested to please review these proposed changes now. 
Subsequent to this preliminary publication, in the order of the foregoing 
amendment, all members will receive a letter ballot, with an additional 
copy of these proposed amendments, and are requested to vote thereupon. 


Article I—~Membership 


Present By-Laws 


Section 2. (Present Section 3.) Cor- 
porate Members. “Members in Classes 
A, B, C, E and F shall be considered the 
Corporate Members of the Socrery.”’ 


Section 3. (Present Section 2.) Quali- 
fications and Privileges. 


A—Sustaining Members. “A Sustain- 
ing Member shall be an individual inter- 


ested in the art and science of welding and 
allied processes, with rights of full mem- 
bership. A Sustaining Member may be 
an individual in his own right, or may be 
an individual designated by a Corpora- 
tion, Firm or Partnership.” 

B—Members. ‘‘A Member shall be an 
individual not less than 27 years of age, 
who shall have been for at least five years 
in responsible charge of work having a 
direct bearing on the art or science of 
welding and allied processes. Two (2) 
years credit may be allowed for graduation 
from an engineering school. Those in the 


Member grade will have rights of full 
membership.” 

D—Student Members. ‘‘A Student 
Member shall be an individual who is 
actually in attendance at a recognized 
college or university, taking a course lead- 
ing to a degree. Student Members shall 
not have the right to vote or to hold office 
except in Student Chapters as may be pro- 
vided for by the by-laws of the Student 
Chapter. At the termination of the fiscal 
year of status as a student, affiliation as a 
‘Student Member’ may be continued for 
one (1) additional year.” 
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E—Honorary Members. ‘‘An Honorary 
Member shall be a person of acknowledged 
eminence in the welding profession, or who 
may be accredited with exceptional ac- 
complishments in the development of the 
welding art upon whom the AMERICAN 
WELDING Socirery may see fit to confer an 
honorary distinction. An Honorary Mem- 
ber shall have full rights of membership. 
There shall be at any one time not more 
than one Honorary Member for every five 
hundred members in the grades of Sus- 
taining Member, Member and Associate 
Member. Not more than three (3) 
Honorary Members shall be elected in any 
one fiscal year.”’ 


Proposed Amendments 


Section 2. Corporate Members. Mem- 
bers in the following classes shall be consid- 
ered as the Corporate Member of the Society 
—Sustaining Members, Members, Associate 
Members, Honorary Members and Life 
Members. Corporate Members shall have 
full rights of Membership, except that Asso- 
ciate Members may not hold National Office.” 


Section 3. Qualifications. (Nore: The 
deletion of the words “with rights of full 
membership,” does not deny the following 
Member grades their full rights. These 
Member grades are all ‘“‘Corporate Mem- 
bers’’ and as will be noted under the previ- 
ous Article I, Section 2, Proposed Amend- 
ment, all “Corporate Members shall have 
full rights of membership. . .”’): 


Sustaining Members. Delete ‘‘with 
rights of full membership.” 

Members. Delete Those in the Member 
grade will have rights of full membership.” 

Student Members. ‘“‘A Student Mem- 
ber shall be an individual, who is in 
attendance at a recognized College, Uni- 
versity, Technical or Vocational School. 
Student Members shall not have the right 
to vote or hold office except in Student 
Chapters as may be provided for by the 
By-Laws of the Student Chapter. At the 
termination of his membership anniversary 
following the termination of his status as a 
student, affiliation as a ‘Student Member’ 
shall cease excepting that student member- 
ship of one having been in attendance at a 
recognized College or University taking a 
course leading to a degree may be continued 
for one (1) additional year.” 

Honorary Members. Delete ‘‘ An Honor- 
ary Member shall have full rights of mem- 
bership.” 

Last sentence “Not more than two (2) 
Honorary Members shall be elected in any 
one fiscal year.” 


Article II—Election of Members 


Present By-Laws 
Section 2. Sustaining Members, Mem- 
bers and Associate Members. ‘‘Applica- 
tions for admission in the Sustaining Mem- 
ber, Member or Associate Member grades 
shall be in writing signed by the appli- 
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cant, on forms prescribed for that purpose. 
Such applications shall be presented either 
to the Secretary of the Section with which 
the applicant desires to affiliate or to the 
Secretary of the Socrery. An applicant 
shall affiliate with the Section in which he 
resides, unless he desires to affiliate with 
another Section in which his business is 
located. Applicants residing in territory 
adjacent to a Section may join the Section. 
All applications shall be approved by the 
Board of Directors of the Section with 
which the applicant seeks affiliation. 
Applicants not residing within the terri- 
tory of a Section and who do not plan to 
affiliate with an adjoining Section or with 
a Section due to business location men- 
tioned above, are not subject to Section 
approval.” 

Section 3. Honorary Members. ‘“‘Nomi- 
nations for Honorary Membership may 
be submitted to the Board of Diree- 
tors in writing, by any Corporate Member 
of the Socrery. Such nominations shall 
state the qualifications of the nominees 
for such membership, and shall be referred 
to the Honorary Membership and Honor- 
ary Directorship Committee for _ its 
recommendations. Honorary Members 
shall be elected at a regular meeting of the 
Board of Directors by the unanimous vote 
of the members present, except that no 
member of the Board of Directors shall 
vote upon his own admission.” 


Section 4. Student Members. ‘‘Ap- 
plication for admission as a Student Mem- 
ber shall be in writing signed by the appli- 
cant, on form prescribed for that purpose. 
If the applicant is in attendance at a college 
at which there is a Student Chapter, such 
application shall be presented to, and 
approved by, the Faculty Adviser to the 
Student Chapter. Applicants in attend- 
ance at a college where there is no Student 
Chapter, but who reside within the bounds 
of a Section, may choose to affiliate with 
such Section. In such case the application 
may be presented either to the Secretary 
of the Section or to the Secretary of the 
Society. All such applications shall be 
approved by the Board of Directors of the 
above-mentioned Section. Applicants 
who do not plan to affiliate with a Section, 
as permitted above, are not subject to 
Section approval. All applications finally 
shall be approved by the Committee on 
Admissions.” 


Section 6. Change of Grade of Mem- 
bership. (Present Section 5.) “Any mem- 
ber, other than Honorary Member, who 
desires to change his grade of membership, 
shall make application in writing therefor 
to the Secretary of the Socrery. Such ap- 
plication shall be passed upon by the 
Committee on Admissions.” 


Section 7. Change of Section Affilia- 
tion. (Present Section 6.) “‘A Corporate 
Member, in good standing, who desires to 
transfer affiliation from one Section to 
another, as permitted in Article V, Section 
5, shall make application therefor to the 


new Section. Such application shall be 
passed upon in like manner as an applica- 
tion for membership. A Corporate Mem- 
ber, in good standing, who changes his res- 
idence from the territory of one Section 
to that of another Section shall automati- 
cally be transferred to the Section to which 
he moves, unless the member makes ap- 
plication for membership in a diffierent 
Section, as permitted in Article V, Section 
5.” 
Proposed Amendments 

Section 2. Sustaining Members, Mem- 
bers and Associate Members. Delete: 
*‘All applications shall be approved by the 
Board of Directors of the Section with which 
the applicant seeks affiliation. Applicants 
not residing within the territory of a Section 
and who do not plan to affiliate with an ad- 
joining Section or with a Section due to busi- 
ness location mentioned above, are not subject 
to Section approval.” 

Add to last sentence: “‘if they so desire.”’ 

Section 3. Honorary Members. De- 
lete: “‘and Honorary Directorship.” 

Section 4. Student Members. ‘‘Ap- 
plication for admission as a Student Mem- 
ber shall be in writing signed by the appli- 
cant, on form prescribed for that purpose. 
If the applicant is in attendance at a 
college or school at which there is a Student 
Chapter, such application shall be pre- 
sented to, and approved by, the Advisor to 
the Student Chapter. Applicants in at- 
tendance at a college or school where there 
is no Student Chapter, but who reside 
within the bounds of a Section, may 
choose to affiliate with such Section. In 
such case the application may be presented 
either to the Secretary of the Section or to 
the Secretary of the Socirry.” Delete 
balance. 

Section 5. Life Members. (New) 
“Life Membership shall be automatically 
conferred upon a member by virtue of his 
having served as National President of the 
Society.” 

Section 6. Change of Grade of Mem- 
bership. ‘‘Any member, other than Hon- 
orary Member or Life Member, who desires 
to change his grade of membership, shall 
make application in writing therefor to 
the Secretary of the Soctery. Such ap- 
plication shall be subject to the approval of 
the Committee on Admissions.” 

Section 7. Change of Section Affilia- 
tion. ‘‘A Corporate Member, in good 
standing, who desires to transfer affiliation 
from one Section to another, as permitted 
in Article V, Section 5, shall make applica- 
tion therefore to either the Secretary of the 
Society or the Secretary of the Section with 
which he desires to affiliate. Such applica- 
tion shall be passed upon in like manner as 
an application for membership. A Cor- 
porate Member, in good standing, who 
changes his residence from the territory 
of one Section to that of another Section 
shall automatically be transferred to the 
Section to which he moves, unless the 
member makes application for membership 
in a different Section.” 
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Renumber present Sections 5 and 6 to 
Sections 6 and 7. 


Article II1I—Resignation and Expulsion of 
Members 


Present By-Laws 

Section 1. Resignation of Members. 
“A member in good standing may tender 
his resignation from membership by filing 
with the Secretary written notice of his 
intention to resign. Such application 
shall be passed upon by the Committee on 
Admissions. If the application is granted, 
no dues paid by the applicant for less 
than one year in advance of the date of res- 
ignation shall be remitted to the appli- 
cant.” 


Section 2. Expulsion of Members. 
“Recommendation may be made to the 
Board of Directors for the expulsion of any 
member alleged to be guilty of conduct 
inimical to the welfare of the Socrery. 
Such recommendation shall be in writing 
and signed by ten or more corporate mem- 
bers in good standing, stating specific 
reasons therefor. If the Board decides 
that sufficient charges have been presented 
to warrant expulsion, they shall notify the 
accused of the charges presented against 
him, by mailing a communication to his 
latest address as it appears in the records 
of the Socrery. He shall then have the 
right to present a written defense, and to 
appear for trial, in person or by duly au- 
thorized representative, before a meeting of 
Board of Directors, of which meeting he 
shall be notified at least thirty days in ad- 
vance. Not less than two months nor 
more than four months after such meeting, 
the Board of Directors shall finally con- 
sider the case, and if in their opinion the 
charges have been sustained, the accused 
may be expelled or suspended for such 
period as the Board may determine, or he 
may be permitted to resign.” 

Proposed Amendments 

Section 1. Resignation of Members. 
“A member in good standing may tender 
his resignation from membership by filing 
with the Secretary written notice of his 
intention to resign. No dues paid by the 
applicant shall be remitted.” 

Section 2. Expulsion of Members. 
“Recommendation may be made to the 
Board of Directors for the expulsion or sus- 
pension of a member charged with conduct 
inimical to the welfare of the Socrery. 
Such recommendation shall be in writing 
and signed by ten (10) or more corporate 
members in good standing, stating specific 
reasons therefor. If the Board decides 
that sufficient charges have been presented 
to warrant expulsion or suspension they 
shall notify the member of the charges 
presented against him, by mailing a com- 
munication to his latest address as it ap- 
pears in the records of the Soctrery. He 
shall then have the right to present a writ- 
ten defense, and to appear for a hearing, 
in person or by duly authorized representa- 
tive, before a meeting of the Board of 


Directors, of which meeting he shall be 
notified at least thirty (30) days in ad- 
vance. Not less than two months nor 
more than four months after such meeting, 
the Board of Directors shall finally consider 
the case, and if in their opinion the charges 
have been sustained, the member may be 
expelled or suspended for such period as 
the Board may determine, or he may be 
permitted to resign.” 


Article IV—-Dues and Fees 


Present By-Laws 

Section 2. To whom Payable. ‘All 
dues shall be paid to the AMERICAN WELD- 
ING Society, at the Headquarters Office.” 

Section 3. Date of Payment. “All 
dues shall be payable in advance and shall 
cover the period of one year from the last 
day of the month in which a member joins, 
excepting that individuals or organizations 
paying dues for one or more individuals 
may designate the preferred date for pay- 
ment.” 

Section 4. Cancelled Dues. ‘Any 
Member or Associate Member who shall 
have paid his dues for thirty-five (35) 
vears, or who having paid his dues for 
thirty (30) years and having reached the 
age of sixty-five (65) years, shall there- 
after be exempt from the payment of fur- 
ther dues, except that the number of years 
for which dues were paid as an Associate 
Mernber shall be reckoned as nine-tenths 
(%/19) of their number in the above provi- 
sions. (Student Membership years not 
included. )” 

Proposed Amendments 

Section 1. Amount of Dues. Add 
“minimum” to: Sustaining Members 
$150.00. 

Section 2. To Whom Payable. ‘‘All 
dues shall be paid to the AMERICAN 
WELpDING Soctery, at the National Head- 
quarters Office.” 

Section 3. Date of Payment. “The 
Board of Directors may fix the date on 
which all dues of members shall become 
payable, may change such date from time to 
time, and may provide that dues shall be 
computed from the date of election to mem- 
bership provided, however, that the total 
amount of dues to be paid by any member for 
any consecutive twelve (12) months shall be 
determined by the amounts fixed in Section 
1 of this Article.” 

Section 4. Cancelled Dues. Add: 
“Such members shall not receive the publica- 
tions of the Society but may obtain them at 
membership subscription prices. (This re- 
striction shall be applicable only to new 
members joining the Society after the date of 
this By-Law revision, October 22, 1953.)”’ 


Article V—Section Organization 


Present By-Laws 
Section 5. Section Membership. ‘‘(b) 
Student Members residing within the 
bounds of a Section and attending a college 
where there is no Student Chapter may 
apply for membership in the Section. 
See Article II, Section 3. 


Section 6. Requirements of an Active 
Section. ‘‘No Section shall be considered 
active unless it holds at least three meet- 


ings during a fiscal year, and has a total 


paid membership of twenty-five (25) en- 
rolled in the Sustaining Member, Member 
and Associate Member grades. Any Sec- 
tion whose membership diminishes to be- 
low twenty-five (25) members shall be 
considered an inactive Section. When 
Sections fail to comply with the above re- 
quirements, the National Secretary shall 
report such facts to the National Board of 
Directors which shall act upon each case in 
accord with its merits. A Section that has 
been disbanded may be reinstated with a 
minimum of twenty-five (25) members as 
approved by the Board of Directors based 
upon the merits in each case.” 

Section 7. Refund toa Section. “At 
the beginning of each fiscal year, each 
active Section shall receive from the 
Soclery an anniversary payment which 
shall equal $2.00 for each member but 
which shall not exceed a total of $100.00. 
In addition, at the beginning of each quar- 
ter of the fiscal year, each active Section 
shall receive 20° of the sum collected in 
dues during the preceding quarter from 
those of its members who are in the grades 
of Sustaining Member, Member and As- 
sociate Member. Each newly organized 
Section shall receive the anniversary pay- 
ment on the date of acceptance of organi- 
zation and on the following September Ist 
such newly organized Section shall receive 
the anniversary payment based on mem- 
bership at that time but less overpayment 
pro-rated on a monthly basis for the first 
fiscal year. At the time of organization of 
a new Section, returns shall be made on 
the annual dues of members newly enrolled 
in the Soctery during the six prior months 
to the date of organization of the Section, 
unless refund has been paid to another 
Section for such members. Refunds shall 
be paid to the Section with which each 
member is affiliated at the time when re- 
fund payments are due.” 

Section 8. Solicitation of Contribu- 
tions. ‘‘Sections may solicit contributions 
from members or others only within limits 
approved by the National Board of Di- 
rectors.” 

Section 9. Exhibitions. “Sections 
shall obtain approval of the National 
Board of Directors or Executive Commit- 
tee before promoting an Exhibition.” 

Proposed Amendments 

Section 5. Section Membership. ‘“(b) 
Student Members residing within the 
bounds of a Section and attending a col- 
lege or school where there is no Student 
Chapter may apply for membership in the 
Section. See Article II, Section 4.” 

Section 6. Requirements of an Active 
Section. ‘‘No Section shall be considered 
active unless it submits annual reports to 
the Secretary of the Society in accord with 


Section 7. Refund to a _ Section. 
Delete: “On the date of acceptance of organ- 
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ization and on the following September Ist 
such newly organized Section shall receive 
the anniversary payment.” 

Delete: ‘‘Atthe time of organization of a 
new Section, returns shall be made on the 
annual dues of members newly enrolled in the 
Society during the six prior months to the 
date of organization of the Section, unless 
refund has been paid to another Section for 
such members.” 

Section 8. Solicitation of Contribu- 
tions. ‘Sections may solicit contributions 
only for expenses of meetings including re- 
freshments. Solicitation of contributions 
for this purpose shall be confined to concerns 
or to representatives of national firms lo- 
cated within the bounds of the Section, so as 
not to interfere with the National Advertising 
Program of the Society. Any other solicita- 
tion of contributions must be approved by the 
Board of Directors.” 

Section 9. Exhibitions. ‘Sections 
shall obtain approval of the National 
Board of Directors before promoting or 
participating in an Exhibition.” 

Delete present Section 11. 

Renumber present Sections 12, 13 and 
14 to Sections 11, 12 and 13. 

Add new Section 14. Division of a 
Section. “‘A Section, upon approval by 
the National Board of Directors, may or- 
ganize a Division of the Section, or a 
Round-Table Group, consisting of their 
members located in the outlying territory of 
their Section. Such Division or Round- 
Table Group shall be administered by the 
Section.” 


Article VI—District Organization 


Present By-Laws 

Section 1. Geographical Districts. 
“There shall be seven Districts known as: 
No. 1—The New York and New England, 
No. 2—The Mid-Eastern, No. 3—The 
Southern, No. 4—The Central, No. 5—The 
Mid-Western, No. 6—The Mid-Southern, 
and No. 7—The Western, Districts, the 
boundaries of which shall be determined by 
the Board of Directors.” 


Section 2. Minimum Number of 
Sections. ‘‘No District shall be considered 
as ‘operative’ unless it contains at least 
three active Sections.” 

Section 3. District Affiliation. “Should 
the territory of any Section lie in more 
than one District as defined above, then 
the entire territory of said Section shall be 
considered as belonging to the District in 
which the headquarters of the Section is 
located.” 

Section 4. District Executive Com- 
mittee. “To facilitate cooperation be- 
tween the Sections, there shall be an Ex- 
ecutive Committee in each District which 
shall consist of the District Vice-President 
as Chairman and each Section Chairman 
within that District.” 

Section 7. District Nominations. 
(Present Section 6) ‘Before March 1st the 
District Vice-President, with the approval 
of the District Executive Committee, shall 
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appoint a District Nominating Committee 
consisting of a member from each Section 
in the District. The District Nominat- 
ing Committee shall report to the 
National Secretary, not later than the 
10th day of May of that year, the names 
of the nominees they have selected for the 
National Nominating Committee to serve 
for the following year and for District 
Vice-President when a District Vice-Presi- 
dent is due for election together with the 
written acceptance of the nominees in- 
cluded in the report. 

“Independent nominations may be 
made by petition of twenty-five (25) or 
more qualified voters, sent to the National 
Secretary not later than July Ist; such 
petitions for the nomination of District 
Vice-Presidents and of District Represen- 
tatives on the National Nominating Com- 
mittee shall be signed only by qualified 
voters within the District concerned. (See 
Article IX, Section 1.) 

“Each year the National Ballot for 
Nomination of Officers shall include the 
names of the District Vice-Presidents and 
of the members of the National Nomi- 
nating Committee nominated by the Dis- 
trict Nominating Committees and names of 
nominees nominated by petition in ac- 
cordance with provision above. 

“Only District members, qualified to 
vote, shall be eligible to vote for District 
Vice-Presidents or for District Repre- 
sentatives on the National Nominating 
Committee.” 

Section 8. Vacancies. (Present Sec- 
tion 7.) “The Executive Committee of 
each District shall have the power to fill a 
vacancy in the office of Vice-President of 
that District and of that District’s Rep- 
resentative on the National Nominating 
Committee, for an unexpired term when- 
ever such vacancy oecurs.”’ 

Proposed Amendments 

Section 1. Geographical Districts. 
“There shall be eleven Districts known as: 
No. 1—The New England, No. 2—The 
Middle Eastern, No. 3—The North Central, 
No. 4—The Southeast, No. 5—The East 
Central, No. 6—The Central, No. 7—The 
West Central, No. 8—-The Midwest, No. 
9—The Southwest, No. 10—The Western, 
and No. 11—The Northwest, Districts, the 
boundaries of which shall be determined by 
the Board of Directors.” 

Section 2. Minimum Number of 
Sections. “No District shall be estab- 
lished or maintained with less than three 
active Sections.” 

Section 3. District Affiliation. De- 
lete: ‘“‘as defined above.” 

Section 4. District Executive Com- 
mittee. “To facilitate cooperation be- 
tween the Sections, there shall be an Ex- 
ecutive Committee in each District which 
shall consist of the District Director as 
Chairman and all Section Chairmen or 
their appointed alternates, within that 
District. 


Section 5. District Meritorious Certif- 
icate Awards Subcommittees. (New) ‘‘For 
the purpose of recommending candidates to 
recetve Meritorious Certificate Awards at 
the District or Section level, there shall be an 
awards committee in each District which 
shall consist of the District Director as 
Chairman and all Section Chairmen, or 
their appointed alternates, within that Dis- 
trict. These shall be subcommittees of the 
Committee on Awards.” 

Section 7. District Nominations. 
“Before July Ist the District Director, 
with approval of the District Executive 
Committee, shall appoint a District Nom- 
inating Committee consisting of a mem- 
ber from each Section in the District. 
The District Director may either serve as 
Chairman of the Nominating Committee or 
designate the Chairman from the Com- 
mittee Members. The District Nomi- 
nating Committee shall report to the Na- 
tional Secretary not later than the first day 
of November of that year, the name of the 
nominee they have selected for District 
Representative on the National Nomi- 
nating Committee to serve for the following 
fiseal year and for District Director, 
when a District Director is due for elec- 
tion, together with the written acceptance 
of the nominees included with the report 
and with a brief biographical sketch of their 
nominee for District Director. 

“Each year the National Ballot for 
Nomination of Officers shall include the 
names of the nominees for District Director 
and for District Representative on the 
National Nominating Committee as nomi- 
nated by the District Nominating Com- 
mittee. 

Last paragraph—no change. 

Section 8. Vacancies. “The Execu- 
tive Committee of each District shall have 
the power to fill a vacancy in the office of 
Director of that District and of that Dis- 
trict’s Representative on the National 
Nominating Committee, for an unexpired 
term whenever such vacancy occurs. Jn 
case of death, disability or absence of the 
District Director, the National President 
may appoint a member of the District Ex- 
ecutive Committee to convene the District 
Executive Committee for this, or for other 
purposes.” 

Renumber present sections 5, 6 and 7 to 
Sections 6, 7 and 8. 


Article VII—Student Chapters 


Present By-Laws 

Section 1. Formation of a Student 
Chapter and Name. “A Student Chap- 
ter in affiliation with the AmeRIcAN 
WELDING Society, composed of students 
of schools of engineering of recognized 
reputation, may be organized upon favor- 
able vote by the Board of Directors. Au- 
thority for the organization of a Student 
Chapter at any institution shall automati- 
cally lapse if not used within one year from 
the date granted. The name of such an 
affiliated society shall be “The———-— 
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Student Chapter of the AMeRIcAN WELDb- 
ING ” 

Section 3. (Qualifications. 
fications required of a proposed Student 
Chapter shall include: 

“(a) An organization of students in 


“The quali- 


an engineering school of approved stand- 
ing. 

‘“(b) The endorsement of the applica- 
tion by the head of one of the Engineering 
Departments of the school. 

“(d) A Faculty Adviser to the Student 
Chapter whose duties shall be to consult 
with and advise the Student Chapter on 
matters relating to the general conduct of 
the Chapter. The Faculty Adviser shall 
be a Corporate Member of the Socrery 
and shall be a member of the faculty of the 
engineering school at which the Student 
Chapter is organized.” 

Section 5. Refund to a Student 
Chapter. ‘Each active Student Chapter 
shall receive from the Sociery at the 
beginning of each academic year $25.00 to 
be used for expenses in promoting the 
activities of the Chapter.”’ 

Section 6. Reports to the Socipry. 
“Each Student Chapter shall submit to 
the Board of Directors an annual report 
not later than the end of each academic 
year, which shall include: 

‘“(b) Names of the officers and the 
members by classes, and the date of the 
report.” 

Section 9. Disbanded Student Chap- 
ters. “‘A Student Chapter may be dis- 
banded upon the approval of the Board ot 
Directors, if it becomes inactive or if its 
continuance is considered not for the best 
interest of the Soctery. No Student 
Chapter shall be considered active unless 
it holds at least three meetings during the 
academic year. When a Student Chapter 
ceases to function the Chapter Treasurer 
shall return all remaining funds to the 
Society.” 

Proposed Amendments 

Section 1. Organization of a Student 
Chapter and Name. “A Student Chapter 
in affiliation with the AMERICAN WELDING 
Society, composed of students of engineer- 
ing, lechnical or vocational schools. . .”’ 

Section 3. Qualifications. ‘The quali- 
fications required of a proposed Student 
Chapter shall include: 

“(a) An organization of students in a 
College, University, Technical or Vocational 
school of recognized standing. 

“(b) The endorsement of the applica- 
tion by the Head of one of the Engineering 
Departments of the college or school or the 
Superintendent (or equivalent) of — the 
Technical or Vocational School. 

“(d) An advisor to the Student Chap- 
ter whose duties shall be to consult with 
and advise the Student Chapter on mat- 
ters relating to the general conduct of the 
Chapter. The Advisor shall be a Faculty 
Member of the College, University or Tech- 
nical School, or Instructor or Teacher of the 
Vocational School at which the Student 


Chapter is organized, and he shall be a 
Corporate Member of the Society.” 

Section 5. Refund to a Student 
Chapter. ‘“‘Each active Student Chapter, 
excepting those which are proprietarily or 
comine revally sponsore d geees 

Section 6. Reports to the Soctery. 
“Each Student Chapter shall submit to 
the Secretary of the Society an annual re- 
port not later than the end of each aca- 
demic year, which shall include: 

“(b) (New) A Financial statement show- 
ing the amounts received and expended and 
the sources and purposes thereof in detail. 

“(e) (Present (b).) No change.” 

Reletter present Section 6 (b) to Section 
6 (c).” 

Section 9. Disbanded Student Chap- 
ters. ‘‘A Student Chapter may be dis- 
banded upon the approval of the Board of 
Directors, if it becomes inactive or if its 
continuance is considered not for the best 
interest of the Socrery. No Student 
Chapter shall be considered active unless it 
submits annual reports to the Secretary of 
the Society in accord with Section 6, herein; 
also unless it... 

Article VIII—-National Officers and 
Terms of Office 


Present By-Laws 

Section 1. List of Officers. ‘The 
Officers of the Socrery shall be a President, 
a First Vice-President, a Second Vice- 
President, seven District Vice-Presidents, 
a Secretary, a Treasurer, three latest Past- 
Presidents, if living and continuing to be 
members, twelve Directors-at-Large and 
Honorary Directors.” 

Section 6. District Vice-Presidents. 
(Present Section 4.) “The District Vice- 
Presidents shall be elected by their Dis- 
tricts for a period of two years and each 
may be re-elected, at any time, for a 
second term of two years, but in no case 
shall he serve in this capacity for more 
than two terms. The odd-numbered 
Districts, viz., (1) New York and New 
England, (3) Southern, (5) Mid-Western 
and (7) Western shall_elect their Vice- 
Presidents during odd-numbered calendar 
years. The even-numbered Districts, viz., 
(2) Mid-Eastern, (4) Central and (6) Mid- 
Southern, shall elect their Vice-Presidents 
during even-numbered calendar years.” 

Proposed Amendments 

Section 1. List of Officers. ‘‘The 
Officers of the Society shall be a President, 
a First Vice-President, a Second Vice- 
President, a Treasurer, twelve Directors- 
at-Large, District 
Secretary and also the three latest living 
Past-Presidents and Honorary Life Diree- 
tor (the Society’s Founder President).”’ 

Section 6. District Directors. ‘The 
District Directors shall be elected by their 
Districts for a period of two years and 


eleven Directors, a 


each may be re-elected, at any time, for a 
second term of two years but in no case 
shall he serve in this capacity for more 


than two terms. The odd-numbers Dis- 


tricts, viz. (1) New England, (3) North 
Central, (5) East Central, (7) West Central, 
(9) Southwest, and (11) Northwest, shall 
elect their Directors during odd-numbered 
calendar years. The even-numbered Dis- 
tricts, viz., (2) Middle Eastern, (4) South- 
east, (6) Central, (8) Midwest and (10) 
Western, shall elect their Directors during 
even-numbered calendar years.” 

Renumber present Sections 5 and 6 to 
Sections 4 and 5. 

Delete present Section 7. 

Renumber present Sections 8, 9 and 10 
to Sections 7, 8 and 9. 

Delete present Section 11. 


Article IX—Nomination and Election of 
National Officers and Representatives 


Present By-Laws 

Section 2. Nominations. (Present 
Section 1.) ‘‘Nominations, except for 
Honorary Directors, Secretary, Assistant 
Secretary and Assistant Treasurer, shall 
proceed as follows: 

“(a) Nominations for District Vice- 
Presidents and for District Representa- 
tives on the National Nominating Com- 
mittee shall be made by the District Nomi- 
nating Committees. See Article VI, 
Section 6. The National Nominating 
Committee shall select nominees for the 
other offices falling vacant. See Article 
XII, Section 7. The names of nominees 
for each office shall be published in the June 
issue of THE WELDING JouRNAL of the 
AMERICAN WELDING SOcIETy. 

“(b) The Secretary shall mail, on or 
before the first day of June of each year, 
to each member entitled to vote, a notice 
that nominations for officers must reach 
the Secretary not later than the first day 
of July. This notice shall outline the va- 
cancies of elective offices that shall be 
filled at the next regular election and re- 
quest nominations for such offices. This 
notice shall contain a copy of this Section 
and the list of nominees recommended by 
the National and District Nominating 
Committees and information that no other 
names shall appear on the final voting bal- 
lot unless proposed by at least twenty-five 
(25) qualified Corporate Members. This 
notice shall also contain the names of the 
members of the National Nominating 
Committee. 

“(e) The nomination ballots must be 
placed in a plain envelope and sealed; 
then inserted in a second envelope and 
sealed. The voter shall then sign his 
name thereon in ink and mail it to the 
Secretary. The Secretary shall certify to 
the competence and signature of all voters 
returning endorsed nomination ballots and 
shall then deliver them unopened to the 
Tellers of Election. (See Section 7 of 
this Article.) 

“A nomination ballot without auto- 
graphic endorsement of the voter written 
on the outside envelope shall be considered 
defective and shall not be canvassed by the 
Tellers of Election. The Tellers shall 
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first open and destroy the outer envelopes 
of all properly endorsed ballots, and shall 
then open the inner envelopes, canvass the 
ballots and certify the results to the Secre- 
tary. If no nominations, other than those 
proposed by the Nominating Committees, 
are made by twenty-five (25) qualified 
members, then the Secretary shall treat 
the nomination ballots as Election Ballots 
and shall cast the ballot for the election of 
the candidates so nominated. 

“(d) Any vacancy in the list of nomi- 
nees for offices in the Sociery, due to 
the death, withdrawal or disqualification 
of a candidate, existing on May 10th, or 
occurring after that date, shall be con- 
tinued until after the election. Any re- 
sulting vacancy in the list of elected offi- 
cers shall be filled in the manner pre- 
scribed in the By-Laws for filling the va- 
cancy in the unexpired term of the office in 
question. See Article VI, Section 7, and 
Article X, Section 3.” 

Section 3. Election. (Present Section 
2.) “(a) If a member, not proposed by the 
Nominating Committees, is duly nomi- 
nated as provided for in Section 1 of this 
Article, then the Secretary shall mail, on or 
before the 25th day of July of that year, to 
each member entitled to vote, a ballot 
stating the names of the candidates for 
the several offices falling vacant and the 
time for the closure of the voting. 

The ballot sheet shall list the names of 
the candidates proposed by the Nomi- 
nating Committees and the respective offi- 
ces or which they are candidates and the 
names of candidates nominated by letter 
ballot as provided in Section 1, Paragraphs 
(b) and (c), of this Article. Candidates 
selected by the Nominating Committees 
shall be identified by an asterisk. 

“(b) The voter shall prepare his ballot 
by means of a cross placed opposite the 
name of each candidate for whom he 
wishes to vote. The voter shall enclose 
said ballot in a plain envelope and seal 
same. He shall then enclose the sealed 
enveloped in a second envelope marked 
“Ballot for Officers,” seal same and sign 
his name thereon in ink for identification, 
and mail it to the Secretary. The Secre- 
tary shall certify to the competence and 
signature of all voters and shall then de- 
liver them unopened to the Tellers of 
Election. (See Section 7 of this Article.) 

“A ballot without the autographic en- 
dorsement of the voter written on the out- 
side envelope shall be considered defective 
and shall be rejected by the Tellers of 
Election. A ballot which has choice indi- 
cated for more names than there are of- 
fices to be filled shall be considered defec- 
tive and shall be rejected by the Tellers.”’ 

Section 4. Closing Date for Election. 
(Present Section 3.) “The voting for the 
election of officers shall close at 1 0’ clock in 
the afternoon on the last Thursday in 
August of each year. The Tellers shall 
not receive any ballots after the stated 
time for the closure of the voting. 
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“The Tellers of Election shall first open 
and destroy the outer envelopes and shall 
then open the inner envelopes, canvass the 
ballots and certify the results to the Sec- 
retary. The candidates having — the 
greatest number of votes for their respec- 
tive offices, shall be considered elected for 
the ensuing year.” 

Section 5. Tie Votes. (Present Section 
4.) “In case of a tie in the vote for any 
office, the President shall cast the deciding 
vote.” 

Section 6. Announcement of Election. 
(Present Section 5.) ‘‘The names of the 
Elected officers shall be announced by the 
Presiding Officer at the Annual Meeting of 
the Sociery, if such is held, and shall be 
published in the October issue of THe 
WELDING JOURNAL.” 

Section 7. Date to Assume Office. 
(Present Section 6.) “The term of all 
Elected Officers shall begin on the ad- 
journment of the Annual Meeting of the 
Society. If no Annual Meeting is held, 
the new officers shall take office on October 
Ist. Officers shall continue in their re- 
spective offices until their successors have 
been elected and qualified.” 

Section 8. Tellers of Election. (Pres- 
ent Section 7.) ‘‘The President shall, on 
or before the first day of July, appoint 
three (3) Tellers of Election whose duty 
shall be to canvass the votes cast for 
nominees and, when necessary, for election 
and shall certify the same to the Secre- 
tary. At the Annual Meeting this Com- 
mittee shall certify to the President or to 
the Presiding Officer, the names of the duly 
elected officers. Their term of office shall 
expire when their report of the canvass has 
been presented and accepted.” 

Proposed Amendments 

Section 1. Eligibility for National 
Elective Office. (New) ‘“‘Members eligible 
for National Elective Office shall be Sustain- 
ing Members, Members, Honorary Mem- 
bers or Life Members. They shall have been 
a Corporate Member of the Society for a 
period of at least three (3) years.” 

Section 2. Nominations. ‘‘Nomina- 
tions, except for Secretary, Assistant 
Secretary and Assistant Treasurer, shall 
proceed as follows: 

“(a) Nominations for District Direc- 
tors and for District Representatives on 
the National Nominating Committee 
shall be made by the District Nominating 
Committees (see Article VI, Section 7). 
The National Nominating Committee 
shall select nominees for the other offices 
falling vacant (see Article XII, Section 7). 
The names of the nominees for each office, 
with a brief biographical sketch of each 
(except for nominees to the National Nomi- 
nating Committee), shall be published in 
the December issue of Tue WELDING 
JouRNAL of the AmeRIcCAN WELDING 
Socirery. 

“(b) The Secretary shall mail, on or 
before the 26th day of December of each 
year, to each member entitled to vote, a 


notice that nominations for officers must 
reach the Secretary not later than the 26¢h 
day of January, unless this date falls upon a 
Sunday or a holiday, at which time th 
closing date shall be the following day. 
This notice shall outline the vacancies of 
elective offices that shall be filled at the 
next regular election and request nomina- 
tions for such offices. It shall also contain 
the names of the members of the National 
Nominating Committee, a copy of this 
Section of the By-Laws and the list of 
nominees recommended by the National 
and District Nominating Committees. 
The notice shall also state that no other 
names shall appear on the final election 
ballot unless proposed by at least one 
hundred (100) qualifed Corporate Mem- 
bers. Such write-in or letter ballot nomi- 
nations, if applying to District Directors 
or to District Representatives on the Na- 
tional Nominating Committee, shall be 
signed only by qualified voters within the 
District concerned, and there shall be not 
less than ten (10) ballots from each of the 
majority of the number of Sections repre- 
sented in the District. If the write-in or 
letter ballot nominations apply to other 
offices, then the ballots shall include not less 
than ten (10) ballots from each of five (5) 
Sections. 


“(c) The nomination ballots must be 
placed in a plain envelope and sealed; 
then inserted in a second envelope and 
sealed. The voter shall then sign his 
name thereon in ink and mail it to the 
Secretary. The Secretary shall certify 
to the eligibility and signature of all voters 
returning endorsed nomination ballots and 
shall then deliver them unopened to the 
Tellers of Election. (See Section 8 of this 
Article.) A nomination ballot without 
autographic endorsement of the voter 
written on the outside envelope shall be 
considered defective and shall not be can- 
vassed by the Tellers of Election. The 
Tellers shall first open and destroy the 
outer envelopes of all properly endorsed 
ballots, and shall then open the inner en- 
velopes, canvass the ballots and certify 
the results to the Secretary. If no nomi- 
nations, other than those proposed by 
the Nominating Committees, are made by 
endorsement of at least one hundred (100) 
qualified members as provided for above, 
then the Secretary shall treat the nomina- 
tion ballots as Election Ballots and shall 
cast the ballot for the election of the can- 
didates so nominated. 

“(d) Any vacancy in the list of nomi- 
nees for offices in the Socrery due to the 
death, withdrawal or disqualification of a 
candidate, existing on November Ist... .”’ 

Section 3. Election. ‘‘(a) If a mem- 
ber, not proposed by the Nominating Com- 
mittee, is duly nominated as provided for 
in Section 2 of this Article, then the Secre- 
tary shall mail, on or before the 20th day 
of February of that year, to each member 
entitled to vote, a ballot stating the names 
of the candidates for the offices for which 
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more than one candidate has been nominated, 
with a brief biographical sketch of each 
nominee (except nominees for the Nomi- 
nating Committee), as prepared by the Na- 
tional Nominating Committee.”’ 

Second paragraph—no change. 

“(b) The voter shall prepare his ballot 
by means of a cross or check mark placed 
opposite the name of each candidate for 
whom he wishes to vote. The voter shall 
enclose said ballot in plain envelope and 
seal same. He shall then enclose the 
sealed envelope in a second envelope 
marked ‘Ballot for Officers,’ seal same and 
sign his name thereon in ink for identifica- 
tion, and mail it to the Secretary. The 
Secretary shall certify to the  eligi- 

Second paragraph—no change. 

Section 4. Closing Date for Election. 
“The voting for the election of officers shall 
close on the 20th day of March, unless this 
date falls upon a Sunday or a holiday, at 
which time the closing date will be the follow- 
ing day... .”’ 

Second paragraph—no change. 

Section 5. Tie Votes. “In case of a 
tie in the vote for any office, the President 
shall cast the deciding vote, except in such 
case where he is involved in a tie vote, then 
the First Vice-President shall cast the de- 
ciding vote.” 

Section 6. Announcement of Election. 
“The names of the Elected Officers shall 
be published in the May issue of Tue 
WELDING JOURNAL.” 

Section 7. Date to Assume Office. 
“The term of all Elected Officers shall 
begin on June Ist...” 

Section 8. Tellers of Election. ‘The 
President shall, on or before, the Ist day 
of January, appoint three (3) Tellers of 
Election whose duties shall be to canvass, 
on or before January 31st, the ballots cast 
for nominees; and when an election ballot is 
conducted, to canvass the election ballots, on 
or before March 25th, and shall certify the 
result, in each case, to the National Secre- 
tary....” 

Renumber present Sections 1, 2, 3, 4, 5, 6 
and 7 to Sections 2, 3, 4, 5, 6, 7 and 8. 

Delete Present Section 8. 


Article X—Management 


Present By-Laws 

Section 1. Board of Directors. ‘The 
affairs of the Socrery shall be managed by 
a Board of Directors consisting of the 
President, the First and Second Vice- 
Presidents, the seven District Vice-Presi- 
dents, the three latest. Past-Presidents, if 
living and continuing to be members, the 
Treasurer, twelve Directors-at-Large and 
Honorary Directors.” 

Section 3. Vacancies in Board of 
Directors. “In each case of vacancy oc- 
curring in the Board of Directors through 
death, resignation, disqualification or other 
cause, the remaining Directors, by letter 
ballot, may elect, or appoint a successor 
to hold office for the unexpired portion of 


the term of the retiring Director; and in 
the event that a quorum of tie Board of 
Directors does not exist, the affirmative 
vote of a majority of the remaining Direc- 
tors shall become effective. However, if 
the retiring Director is a District Vice- 
President then the vacancy shall be filled 
as provided in Article VI, Section 7.” 

Section 4. Duties of President. ‘The 
President shall have general supervision 
of the affairs of the Socrery, under the 
direction of the Board of Directors. He 
shall preside at the meetings of the Soct- 
ery, of the Executive Committee and of 
the Board of Directors, at which he may 
be present, and shall be ex-officio a mem- 
ber of all committees. He shall submit a 
report of the operations of the Socirry for 
the fiscal year to the Board of Directors at 
their last regular meeting preceding the 
Annual Meeting and to the members at 
the Annual Meeting.” 

Section 5. Duties of, First and Second 
Vice-Presidents. ‘The First and Second 
Vice-Presidents, in order of seniority, in 
the absence or disability of the President, 
shall preside at meetings of the Socrery, 
of the Executive Committee and of the 
Board of Directors, and discharge his 
duties,”’ 

Section 7. Duties of Secretary. 

(bh) He shall be, ex-officio, member of 
all committees, except the Executive, 
Finance, Admissions, Nominating, Con- 
stitution and By-Laws, Code of Principles 
of Conduct, Awards, Honorary Member- 
ship and Honorary Directorship, Reserve 
Funds and Special Committees unless so 
ordered by the Board of Directors.” 

“(e) He shall visit all Sections in the 
Continental United States at least once 
each year, if practicable, and shall super- 
vise the organization of new Sections 
where the need, the potential and the 
possibility are evident,” 

“(f) He shall submit progress reports of 
his executive operations to the President 
and the Board of Directors at the periodi- 
cal meetings of the Board during the year, 
and a complete report for the fiscal year 
at the last regular meeting of the Board 
preceding the Annual Meeting, and to the 
members at the Annual Meeting.” 

“(h) He shall perform all other duties 
which may, from time to time, be assigned 
by the Board of Directors.” 

‘“(7) He shall attend all meetings of the 
Soctety, of the Executive Committee and 
of the Board of Directors; prepare the 
business therefor; and duly record the 
proceedings thereof.” 

Proposed Amendments 

Section 1. Board of Directors. 
affairs of the Socrery shall be managed by 
a Board of Directors, consisting of the 
President, the First and Second Vice- 
Presidents, the Treasurer, twelve Direc- 
tors-at-Large, the eleven District Directors, 
and also the three latest living Past-Presi- 
dents and Honorary Life Director (the 
Society’s Founder President).” 


Section 2. Duties of Board of Diree- 
tors. 


e) (New) “To amend portions of the 
By- Laws in accordance with the provisions 
of Article X 

Reletler present Section 2(e) to Section 
2(f). 

Section 3. Vacancies in Board of 
Directors. Delete: ‘Letter’ in letter 
ballot.” Change: ‘District Vice- Presi- 
dent” to “ District Director.” 

Section 4. Duties of President. ‘The 
President shall have general supervision of 
the affairs of the Sociery, under the direc- 
tion of the Board of Directors, He shall 
preside at the meetings of the Socirry, of 
the Executive Committee and of the Board 
of Directors, at which he may be present, 
and shall be, ex-officio, a member of all 
Standing Committees, except the National 
Nominating Committee. He shall perform 
such other duties as provided for elsewhere 
herein. He shall submit a report of the 
operation of the Sociery for the fiscal 
year to the Board of Directors at their 
last regular meeting of the fiscal year and 
to the members at the Annual Meeting.” 

Section 5. Duties of First and Second 
Vice-Presidents. “The First and Second 
Vice-Presidents, in order of official sen- 
iority, in the absence or disability of the 
President, shall preside at meetings of the 
Sociery, of the Executive Committee and 
of the Board of Directors, and discharge his 
duties. They shall perform such other 
duties which may, from time to time, be 
assigned to them by the President with the 
approval of the Board of Directors.” 

Section 6. Duties of District Directors. 

(e) (New) “To annually convene a meet- 
ing of the District Executive Committee and 
a Section Officers’ Conference in order to 
promote the objectives of the Society.” 

(g) (New) “To serve as Chairman of the 
District Meritorious Certificate Awards 
Subcommittee.”’ 

(i) (New) “To appoint each year, with 
the approval of the District Executive Com- 
mittee, a District Nominating Committee 
and to serve as Chairman or to designate 
the Chairman from the committee members.” 

(j) (New) “To serve as a member of the 
National Membership Committee.” 

Reletter present Section 6(e) to Section 
6(f); present Section 6(f) to Section 6(h); 
present Section 6(g) to Section 6(k). 

Section 7. Duties of Secretary. 

(b) Delete: “and Honorary Director- 
ship.” 

(e) “He shall visit as many Sections each 
year as practicable, and shall supervise the 
organization of new Sections where the 
need, the potential and the possibility are 
evident.” 

(f) Delete: “preceding the Annual Meet- 
ing.” 

(h) “He shall perform all other duties 
which may, from time to time, be assigned 
to him by the Board of Directors.” 

(7) “He shall attend all National meet- 
ings of the Socrery, of the Executive 
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Committee and of the Board of Directors; 
prepare the business agenda therefor; and 
duly record the proceedings thereof.”’ 


Article XI— Meetings, Quorum, Exhibits 
and Notices 


Present By-Laws 

Section 1. Annual Meeting. ‘The 
Socrety shall hold an Annual Meeting 
each year (unless prevented by govern- 
mental restrictions), at such time between 
September Ist and October 31st, and at 
such place as the Board of Directors may 
designate.” 

Section 3. Board of Directors. 
“Meetings of the Board of Directors shall 
be held at the call of the President.” 

Section 4. Notice of Meetings. 
“Notices of all meetings of the Society 
shall be mailed to the members at least 30 
days prior to the date of such meeting, and 
to the Board of Directors at least two 
weeks prior to the date of their meeting, 
and shall designate the time and place of 
the meeting and the principal business to 
come before 

Section 5. Quorum at Meetings. 
“Twenty (20) members, entitled to vote, 
shall constitute a quorum at meetings of 
the Society and ten (10) Directors shall 
constitute a quorum at meetings of the 
Board of Directors.”’ 

Section 6. Organization of Annual 
Meeting. “The Sociery’s Convention 
Committee shall plan and make arrange- 
ments and correlate activities in connec- 
tion with Annual Meetings in cooperation 
with the Program, Publicity and Manu- 
facturers Committees. The Chairman of 
the Section where the meeting is to be 
held, or someone else designated by that 
Section, shall be appointed Vice-Chairman 
of the Society’s Convention Committee. 
In making local arrangements for the 
Annual Meeting, the local convention 
committee shall be guided by an Outline 
of Procedure, furnished by the Soctety’s 
Secretary. The Soctery’s Secretary, in 
consultation with the Treasurer, and the 
Chairmen of the Convention, Program, 
Publicity, and Manufacturers Committees, 
shall prepare a budget and submit it to 
the Finance and Executive Committees 
for approval. A copy of this budget shall 
be submitted to each member of the 
Society’s Convention Committee for 
guidance.” 

Section 7. Exhibits. “The Society 
may also, in connection with the Annual 
Meeting or otherwise, hold an exhibit if 
the Board of Directors shall so determine. 
After approval of the Board of Directors, 
the Chairman of the Sociery’s Manufac- 
turers Committee shall carry on negotia- 
tions with the Exhibition Sponsor, wher- 
ever practicable. If conditions make it 
advisable for the District or the Local Sec- 
tion to conduct the preliminary negotia- 
tions for an exhibit, approval of the 
Society’s Manufacturers Committee and 
Board of Directors must first be secured to 
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all proposed agreements before committing 
the Socrery to participate.”’ 
Proposed Amendments 

Section 1. Annual Meeting: Delete: 
“between September 1st and October 31st.” 

Section 3. Board of Directors. 
“Meetings of the Board of Directors shall 
be held at the call of the President, or at 
the written request of five (5) members of the 
Board.” 

Section 4. Notice of Meetings. 
“Notices of all National meetings of the 
Socrety shall be mailed to the members at 
least thirty (30) days prior to the date of 
such meeting, and to the Board of Direc- 
tors at least two (2) weeks prior to the date 
of their meeting, and to members of Stand- 
ing Committees at least two (2) weeks prior 
to the date of their meeting and shall desig- 
nate the time and place of the meeting 
and the principal business to come before 
it.” 

Section 5. Quorum at Meetings. 
“Twenty (20) members, entitled to vote, 
shall constitute a quorum at meetings of 
the Soctery and ten (10) Directors shall 
constitute a quorum at meetings of the 
Board of Directors, and a majority of the 
Committee members shall constitute a 
quorum at meetings of Standing Committees. 
If, ata duly called meeting, a quorum is not 
present, those assembled may proceed with 
the specified agenda; however, all action 
taken shall be submitted by letter ballot for 
confirmation, to the entire membership of 
the group or committee involved.” 

Section 6. Organization of Annual and 
National Meetings. ‘The Soctrry’s Con- 
vention Committee shall plan and make 
arrangements for and correlate activities 
in connection with Annual and National 
Meetings in cooperation with the Technical 
Papers, Publicity, Educational and Manu- 
facturers Committees. In making local 
arrangements for the Annual or a Na- 
tional Meeting, the local Arrangements 
Committee shall be guided by an Outline 
of Procedure, furnished by the Socrery’s 
Secretary. The Society’s Secretary, in 
consultation with the Treasurer, and _ the 
Chairman of the Convention Committee, and 
Representative Members of the Technical 
Papers, Publicity, and Manufacturers 
Committees, shall prepare a budget and 
submit it to the Finance and Executive 
Committees for approval. A copy of this 
budget shall be submitted to each member 
of the Socrtery’s Convention Committee 
for guidance.”’ 

Section 7. Exhibits. “The Socrery 
may also, in connection with the Annual 
Meeting or otherwise, hold an Exhibit if 
the Board of Directors shall so determine. 
With the approval of the Board of Directors, 
the Society’s Convention Committee, in 
cooperation with the Manufacturers Com- 
mittee, shall carry on negotiations for the 
Exhibit. The approval of the Board of 
Directors must first be secured to all pro- 
posed agreements before committing the 
Society to participation.” 


Article XII—Standing Committees 


Present By-Laws 

The following committees shall be 
appointed, or approved, if appointment is 
provided for otherwise herein, each year by 
the President, by and with the approval of 
the Board of Directors, as soon as possible 
after the Annual Meeting (or October Ist), 
and vacancies in committees shall be 
filled in the same manner. The President 
shall be ex-officio member of all commit- 
tees. Ex-officio members shall be addi- 
tional members to the members named in 
any committee. 

Section 2. Executive Committee. 
(Present Section 1.) “An Executive Com- 
mittee consisting of not less than five 
members of the Board of Directors shall 
exercise, at times when the Board of Direc- 
tors is not in session, such part of the 
authority of the Board in the administra- 
tion of the affairs of the Socrery, as may 
from time to time be delegated to it by 
the Board of Directors.” 

Section 3. Finance Committee. (Pres- 
ent Section 2.) “A Finance Committee, 
selected from members of the Board of 
Directors, which shall pass upon all ex- 
penditures, prepare the next year’s annual 
budget for submission to the Board of 
Directors at the Board’s first meeting in 
the new fiscal year and have general charge 
of the finances of the Sociery. The 
Treasurer shall be Chairman of the Finance 
Committee and the Assistant Treasurer 
shall be, ex-officio, a member of the Com- 
mittee.” 

Section 4. Membership Committee. 
(Present Section 3.) “A Membership 
Committee of seven or more members 
shall be appointed not later than May Ist 
of each year, to serve from June Ist of that 
year to May 31st of the following year, 
whose duty shall be to formulate and 
execute plans and prepare literature for 
maintaining and increasing the member- 
ship of the Socrery. The District Vice- 
Presidents shall be ex-officio members of 
this Committee.” 

Section 5. Admissions Committee. 
(Present Section 4.) “A Committee on 
Admissions of five members whose duty it 
shall be to pass on the qualifications of all 
members to determine their eligibility and 
classification as members of the Sociery, 
to approve transfers in Section affiliation 
and to approve resignations from member- 
ship.” 

Section 7. National Nominating Com- 
mittee. “A National Nominating Com- 
mittee consisting of eight members. The 
Committee shall consist of a Chairman, 
who shall be a Past-President of the 
Society, and seven District Representa- 
tives who were elected the previous year 
to the National Nominating Committee. 
The Chairman shall be appointed in the 
year previous to his term of office. An- 
nouncement of the personnel of the Com- 
mittee shall be made through publication 
in the October issue of Tue WELDING 
JourNnaL. The Committee shall hold an 
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open meeting at the time of the Annual 
Meeting, at which time members may 
appear to present and discuss the eligibility 
of candidates for the various offices falling 
vacant. The Committee shall deliver to 
the National Secretary in writing, on or 
before the Ist day of May of that year, 
the names of its nominees for the various 
elective offices next falling vacant with the 
written acceptance of each nominee. 
(District Vice-Presidents District 
Representatives shall be nominated by 
each District Nominating Committee. 
See Article VI, Section 6.)” 

Section 8. Constitution and By-Laws 
Committee. “A Constitution and By- 
Laws Committee of three members whose 
duties shall be to receive suggestions for 
revisions to the Constitution or By-Laws 
and be responsible for the preliminary 
wording of such revisions. It shall see 
that the By-Laws of Sections and Student 
Chapters of the Soctrery shall not conflict 
with any provision of the Constitution and 
By-Laws of the American WELDING 
Society. This Committee shall consider 
and report upon any petition for revision 
to the Constitution or the By-Laws and 
shall transmit such petition to the Secre- 
tary for further consideration as specified 
in Article VI of the Constitution and 
Article XXT of the By-Laws.” 

Section 10. Technical Activities Com- 
mittee. “A Technical Activities Commit- 
tee which shall consist of the Chairmen 
of all the Technical Committees of the 
Socrety and not more than three mem- 
bers-at-large to be appointed annually by 
the President, and ex-officio, the Chairman 
of the Public Relations Committee. It 
shall have a Chairman and a Vice-Chair- 
man, who shall be members of the Socrery 
and shall be elected by the Committee’s 
membership, but not necessarily from its 
own ranks. These officers shall serve for a 
period of three years. The Technical 
Secretary of the Socrery shall be the Secre- 
tary of this Committee. 

“The scope of this Committee shall be: 
To organize and administer the activities 
of the technical committees of the Socrery 
in accordance with the ‘Rules to Govern 
Organization, Functions and Operations 
of Technical Committees of the AMERICAN 
Wetpinc Somety’; to nominate and 
administer the activities of official repre- 
sentatives of the Society on technical 
committees of other societies in accordance 
with the ‘Guide for the Appointment and 
Functioning of Representatives of the 
AMERICAN WELDING Society on Technical 
Committees of Other Societies’; to pro- 
mote the standards of the Society through 
the AWS technical committees and AWS 
representatives on technical committees of 
other societies; to act in an advisory 
capacity to the Board of Directors in re- 
spect to technical matters; to administer 
the preparation and review of technical 
regulatory requirements of governmental 
and other code-writing bodies and the 


cooperation with these bodies in any other 
reasonable manner tuward the elimination 
of unnecessarily restrictive welding re- 
quirements through the promotion of the 
Society’s standards; by direct action 
jointly with the Public Relations Commit- 
tee or by recommendation to the Board of 
Directors, to participate in public relations 
matters of a technical nature affecting the 
interest of the members of the AMERICAN 
WeEtbpiNnG Society; to promote the tech- 
nical advancement of welding through any 
other means as may appear expedient to 
the Board of Directors to insure the best 
interest of the welding industry. 

“The Technical Activities Committee 
shall present a report of its activities dur- 
ing the past year to the Society at its 
Annual Meeting.” 

Section 12. Committee on Awards. 
“A Committee on Awards consisting of five 
members each serving for a period of five 
years, one member retiring each year. 

“The Chairman of the Committee shall 
be the member senior in service, provided 
that no member during his five-year term 
of membership shall be eligible to serve 
more than one year as Chairman, in addi- 
tion to any part of the unexpired term of 
the previous Chairman. In the case of a 
vacancy, the Board of Directors shall 
appoint a member to fill the unexpired 
term of the retired member, but he shall 
not inherit the seniority of the retired 
member. It shall be the duty of this 
Committee to make the awards and nomi- 
nate those to present honorary lectures at 
the Annual Meeting and to arrange for 
the presentation of such medals, certifi- 
cates or other awards as may be author- 
ized by the Board of Directors.” 

Section 13. Honorary Membership 
and Honorary Directorship Committee. 
“A Committee on Honorary Membership 
and Honorary Directorship of five mem- 
bers, comprising the President, First Vice- 
President, Second Vice-President and the 
two latest Past-Presidents, who are living, 
and continuing to be members, whose 
duties shall be to present a statement of 
qualifications and make recommendations 
to the Board of Directors regarding all 
nominees presented for Honorary Mem- 
bership and Honorary Directorship in the 
Society and to arrange for the presenta- 
tion of the certificate.” 

Section 14. Reserve Funds Commit- 
tee. “A Reserve Funds Committee of five 
members, each to serve for five years, one 
member of which shall retire each year. 
The Chairman of the Committee shall be 
the appointed member senior in service, 
provided that no member during his five- 
year term of membership shall be eligible 
to serve more than one year as Chairman, 
in addition to any part of the unexpired 
term of the previous Chairman. In the 
case of a vacancy, the Board of Directors 
shall appoint a member to fill the unex- 
pired term of the retired member, but he 
shall not inherit the seniority of the retired 
member. The Treasurer of the Society 


shall be, ex-officio, an additional member 
of this Committee... .” 

Section 15. Public Relations Commit- 
tee. “A Public Relations Committee not 
to exceed eight appointed members and, 
ex-officio, the Secretary of the Technical 
Activities Committee which shall handle 
the relations of the Socirry to the public, 
exclusive of matters specifically assigned to 
other committees. Its duties shall include 
the studying of Municipal, State and 
Federal legislative acts or proposals that 
affect the Sociery or the art of welding 
and the making of appropriate recom- 
mendations in order to insure the best 
interests of the welding art.” 

Section 16. Publicity Committee. ‘“‘A 
Publicity Committee which shall establish 
the publicity policy of the Sociery, de- 
velop the type of program necessary to 
effectuate this policy and supervise its 
execution,” 

Section 17. Convention Committee. 
“A Convention Committee comprising a 
General Chairman, a Vice-Chairman, who 
shall be either the Chairman of the Local 
Section where the meeting will be held or 
someone designated by that Section, the 
Secretary and Treasurer of the Society, 
the Chairman of the Manufacturers Com- 
mittee, the Chairman and Secretary of the 
Program Committee, the Chairman and 
Secretary of the Publicity Committee, the 
Chairman of the Educational Committee 
and the Secretary of the local Section 
where the meeting will be held. This 
Committee shall plan and make arrange- 
ments (other than those — specifically 
assigned to other committees) and _ shall 
correlate activities dealing with Conven- 
tions and Exhibitions.” 

Section 18. Manufacturers Commit- 
tee. “A Manufacturers Committee com- 
prised of representatives of manufacturers 
of welding equipment and supplies, which 
Committee shall cooperate with the Con- 
vention Committee in making arrange- 
ments for exhibitions and shall handle 
matters of general interest to the manu- 
facturers.”’ 

Section 22. Advisory Committee of 
AWS Past Presidents. (Present Section 
20.) ‘An Advisory Committee consisting 
of all living Past Presidents of the Society. 
Each President of the Socrery at the 
termination of his term of office shall auto- 
matically become a life member of this 
Committee. At the end of each fiscal 
year, the Committee shall elect from its 
membership a Chairman who will serve for 
one year. This Committee shall, when 
called upon, act in an advisory capacity to 
the Board of Directors and other official 
Socrery Committees and shall perform 
other duties which may from time to time 
be assigned by the Board of Directors.” 

Section 23. Special Committees. 
(Present Section 21.) “Additional com- 


mittees may be appointed for a definite 


stated purpose or purposes.” 
Section 24. Term of Committees. 
(Present Section 23.) ‘All Committee 
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appointments not otherwise specified shall 
expire with the Sociery Year.”’ 
Proposed Amendments 

Section 1. Appointment. ‘The follow- 
ing committees shall be appointed, or 
approved if appointment is provided for 
otherwise herein, each year by the Presi- 
dent, by and with the approval of the 
Board of Directors, as soon as possible 
after June Ist, and vacancies in commit- 
tees shall be filled in the same manner. 
The President shall be, ex-officio, a mem- 
ber of the Standing Committees, except the 
National Nominating Committee. 

“In case of inaction, disability or absence 
of a Committee Chairman, the National 
President may convene any Committee for its 
stated purpose; or it may convene at the 
call of any two of its members.” 


Section 2. Executive Committee. 
“An Executive Committee consisting of 
not less than five (5) members of the Board 
of Directors shall exercise, at times when 
the Board is not in session, the full powers 
of the Board in the administration of the 
affairs of the Society, with the understanding 
that all actions taken by the Executive Com- 
mittee shall be held in abeyance until two (2) 
weeks after the minutes of the meeting have 
been mailed to the members of the Board of 
Directors. Should a majority of the Board, 
within two (2) weeks after the minutes have 
been distributed, express objection to any 
action taken by the Executive Committee, 
the matter shall be held and be referred to the 
Board for further consideration at its nezt 
meeting unless action is urgent, in which 
event, the President shall call a special meet- 
ing of the Board to consider the subject.” 

Section 3. Finance Committee. De- 
lete: “‘pass upon all expenditures”; “nert 
year’s,”’ preceding words “annual budget”; 
“new” preceding “fiscal year.” 


Section 4. Membership Committee. 
“A Membership Committee whose duty it 
shall be to formulate and execute plans and 
prepare literature for maintaining and in- 
creasing the membership of the Society. 
The District Directors shall be members of 
this committee.” 

Section 5. Admissions Committee. 
Delete: ‘and to approve resignations from 
membership.” 


Section 7. National Nominating Com- 
mittee. “A National Nominating Com- 
mittee consisting of a Chairman, the eleven 
District Representatives who were elected 
the previous year to the National Nomi- 
nating Committee and three (3) appointed 
Members-at-Large. The Chairman may not 
serve for more than one (1) year consecu- 
tively and the other members may not serve 
consecutively for more than two (2) terms. 
Announcement of the personnel of the 
committee shall be made through publica- 
tion in the August issue of Tue WeLpiINnG 
JourNAL. The Committee shall hold an 
open meeting preferably at the time and 
place of the Annual or a National Meeting, 
at which time members may appear to 
present and discuss the eligibility of candi- 
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dates for the various offices falling vacant. 
The Committee shall deliver to the Na- 
tional Secretary, in writing, on or before 
the first day of November of that year, the 
names of the nominees for the various 
elective offices next falling vacant, with 
written acceptance of each nominee. 
(Nominees for District Director and for 
District Representative on the National 
Nominating Committee shall be nomi- 
nated by each District Nominating Com- 
mittee. See Article VI, Section 7.) The 
nominees for Directors-at-Large shall be 
selected by the Nominating Committee with 
due consideration to geographical déstribu- 
tion. The Committee shall also prepare a 
brief biographical sketch of each nominee 
(except for the Nominees for the District 
Representatives on the National Nominating 
Committee and for the District Directors), 
which shall be submitted to the National Sec- 
retary for publication in Tue 
JOURNAL, and in the case of an election ballot 
it shall be submitted to the membership with 
the election ballots. The biographical 
sketches shall cover nominees selected by the 
National Nominating Committee, the Dis- 
trict Nominating Committees and those nomi- 
nated by petition of the membership in accord- 
ance with Article IX, Section 2(b) and 
&c).” 

Section 8. Constitution and By-Laws 
Committee. “A Constitution and By- 
Laws Committee of three (3) members 
whose duties shall be to present and...” 

Section 10. Technical Activities Com- 
mittee. “A Technical Activities Commit- 
tee which shall consist of the Chairmen 
of all the Technical Committees of the 
Society and three (3) Members-at-Large, one 
to be appointed annually by the President for 
a term of three years, and, ex-officio, the 
Chairman of the Publie Relations Com- 
mittee. It shall have a Chairman and a 
Vice-Chairman, who shall be members of 
the Socrery and shall be elected by the 
Committee’s membership, but not neces- 
sarily from its own ranks. These officers 
shall serve for a period of three (3) years. 
The Technical Secretary of the Society 
shall be the Secretary of this Committee. 

“The scope of this Committee shall be: 
To organize and administer the activities 
of the Technical Committees of the 
Society in accordance with the ‘Rules to 
Govern Organization, Functions and Oper- 
ations of Technical Committees of the 
AMERICAN WELDING Society,’ as approved 
by the Board of Directors; to nominate and 
administer the activities of official repre- 
sentatives of the Socrery on Technical 
Committees of other Societies in accord- 
ance with the ‘Guide for the Appointment 
and Functioning of Representatives of the 
AMERICAN WELDING Society on Technical 
Committees of other Societies,’ as ap- 
proved by the Board of Directors; to pro- 
mote the standards of the Sociery through 
the AWS Technical Committees and AWS 
Representatives on Technical Committees 
of other Societies; to act in an advisory 
capacity to the Board of Directors in re- 


spect to technical matters; to collaborate in 
the preparation and review of technical 
regulatory requirements of governmental 
and other code-writing bodies and to co- 
operate with these bodies in any other 
reasonable manner toward the elimination 
of unnecessary restrictive welding require- 
ments through the promotion of the 
Sociery’s standards; by direct action 
jointly with the Public Relations Commit- 
tee or by recommendation to the Board of 
Directors, to participate in public relations 
matters of a technical nature affecting the 
interest of the members of the AMERICAN 
We LpinG Society; to promote the tech- 
nical advancement of welding through any 
other means as may appear proper to the 
Board of Directors to insure the best 
interest of the art and science of welding. 
The Technical Activities Committee shall 
present a report of its activities during the 
year to the Board of Directors at its last 
meeting of the fiscal year and to the Soct- 
eTy at its Annual Meeting.” 

Section 12. Committee on Awards. 
“A Committee on Awards consisting of 
five (5) members, each to serve for a period 
of five (5) years, one member of which 
shall retire each year. The Chairman of 
the Committee shall be designated by the 
President. In the case of a vacancy, the 
President shall appoint a member to fill 
the unexpired term of the retired member. 
It shall be the duty of this Committee to 
supervise the awards program of the Society 
and to nominate to the Board of Directors 
those to present honorary lectures at Na- 
tional Meetings and to arrange for the 
presentation of such medals, certificates or 
other awards as may be authorized by the 
Board of Directors. 

“This Committee shall delegate to sub- 
committees specific duties falling within 
their scope, including Meritorious Certificate 
Award Subcommittees at the National, Dis- 
trict or Section level. The National Meri- 
torious Certificate Award Subcommittee 
shall consist of the Society’s President, the 
First and Second Vice-Presidents, the 
Treasurer and the latest living Past-Presi- 
dent; the last to serve as Chairman. The 
District Meritorious Certificate Awards 
Subcommittees shall consist of the District 
Director as Chairman and all Section Chair- 
men or their appointed alternates, within 
that District. 

“Tt shall be the duty of the various sub- 
committees to nominate to the Committee on 
Awards, those recommended to receive 
Society sponsored awards, and those to 
present honorary lectures.” 

Section 13. Honorary Membership 
Committee. “A Committee on Honorary 
Membership of five (5) members, compris- 
ing the President, the First and Second 
Vice-Presidents and the two latest Past- 
Presidents, who are living; the latest Past- 
President to serve as Chairman. It shall be 
the duty of this Committee to present a 
statement of qualifications and make 
recommendations to the Board of Direc- 
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tors regarding nominees presented for 
Honorary Membership by election in the 
Society and to arrange for the presenta- 
tion of the certificate.”’ 

Section 14. Reserve Funds Commit- 
tee. “A Reserve Funds Committee of five 
(5) members, each to serve for a period of 
five (5) years, one member of which shall 
retire each year. The Chairman of the 
Committee shall be designated by the Presi- 
dent. In the case of a vacancy, the Presi- 
dent shall appoint a member to fill the 
unexpired term of the retired member. 
The Treasurer of the Society shall be, 
ex-officio, a member of this committee. 
Funds turned over to this Committee by 
the Board of Directors shall be in its cus- 
tody for safekeeping and investment and 
the Committee is authorized to hold these 
funds in cash and/or investments ap- 
proved by the State of New York for 
Fiduciaries as permitted by Section Twenty- 
One of the Personal Property Law of the 
State of New York. All acts of the Com- 
mittee shall require the favorable vote of 
at least four members of the Committee.” 

Last two paragraphs—no change. 

Section 15. Public Relations Commit- 
tee. “A Public Relations Committee not 
to exceed eight (8) appointed members 
and, ex-officio, the Secretary of the Tech- 
nical Activities Committee which shall 
handle the relations of the Society to the 
public, exclusive of matters specifically 
assigned to other committees. Its duties 
shall include the studying of Municipal, 
State and Federal legislative acts or pro- 
posals that affect the Society or the 
practice of welding and the making of ap- 
propriate recommendations to the agencies 
involved.”’ 

Section 16. Publicity Committee. ‘‘A 
Publicity Committee which shall establish 
the publicity policy of the Society, de- 
velop the type of program necessary to 
effectuate this policy and supervise its 
execution. The Editor of Tuk WELDING 
JOURNAL shall he, ex-officio, a member of 
this Committee.” 

Section 17. Convention Committee. 
“A Convention Committee comprising a 
Chairman appointed by the President, the 
Secretary and Treasurer of the Soctery, 
the Technical Secretary, the Editor of Tur 
WELDING JOURNAL, and a representative 
appointed by each of the following Commit- 
tees-Manufacturers, Technical Papers, 
Publicity, and Educational; and finally, if a 
Convention or meeting is decided upon, the 
Chairman of the Local Section, or his 
appointed alternate, where the event will be 
held. This Committee shall be responsible 

for deciding upon, subject to the Board of 
Directors’ approval, conventions, events, 
meetings or activities which the Society will 
promote or cooperate in handling, as well 
as the preparation of the entire program and 
coordinating all activities for such event. 


It shall delegate to the Technical Papers 
Committee, the Publicity Committee, the 
Manufacturers Committee, the Educational 


Committee, and to other special regional or 
activities committees, such duties falling 
within their scope.” 

Section 18. Manufacturers Commit- 
tee. “A Manufacturers Committee com- 
prised of representatives of manufacturers 
of welding equipment and supplies shall 
promote the objectives of the Society among 
the member and nonmember manufacturers 
of such equipment, shall serve in an advisory 
capacity to the Board of Directors on mat- 
ters of interest to the Manufacturers and 
shall serve as directed by the Convention 
Committee in making arrangements for 
Exhibitions.” 

Section 19. (New) Technical Papers 
Committee. ‘A Technical Papers Commit- 
tee consisting of a Chairman, appointed by 
the President, the Editor of Tut WELDING 
JouRNAL, Chairman of the Technical 
Activities Committee, Technical Secretary 
and representatives of industry, as appointed 
by the President. This Committee shall 
plan and make arrangements for the presen- 
tation of technical papers for all National 
meetings of the Society. It shall solicit and 
pass upon all papers offered for presentation 
before National Meetings; it shall cooperate, 
when called upon, with local groups in 
arrangements for Section and District 
meetings.” 

Section 20. (New) Industry Advisory 
Committee. ‘An Industry Advisory Com- 
mittee comprised of executives representing 
various industries interested in welding and 
its allied processes, shall promote the objec- 
tives of the Society among executive member 
and nonmember users of welding processes 
in order to enlist their active interest, support 
and participation therein, so that the Society 
may be of greater help to industry. It shall 
also serve in an advisory capacity to the 
Board of Directors regarding such matters.” 

Section 22. Advisory Committee of 
AWS  Past-Presidents. “An Advisory 
Committee consisting of all living Past- 
Presidents who retain membership in the 
Society. Vach President of the Soctety at 
the termination of his term of office shall 
automatically become a life member of 
this Committee. The latest living Past- 
President shall serve as Chairman... .” 

Section 23. Special Committees. 
“Additional Committees appointed for a 
definite stated purpose or purposes. Such 
committees shall continue to function until 
their purpose has been accomplished, or until 
discharged by the Board of Directors.” 

Section 24. Term of Committees. 
“All Committee appointments not other- 
wise specified shall expire at the end of the 

fiscal year.”’ 

Section 25. (New) Ex-Officio Members 
of Committees. ‘“‘Ex-officio members of 
committees shall be additional members to 
the number specified for any committee, 
therefore in counting a quorum they should 
not be counted as members. They shall have 
all the rights and privileges of the other mem- 
bers. In the case of the President, who is an 
ex-officio member of several committees, it is 


the intention to permit, but not to require, 
him to act as a member of the committees.” 
Renumber present Sections 1, 2, 3 and 4 
to Sections 2, 3, 4 and 5. 
Delete: present Section 6. 
Add: New Sections 19 and 20. 
Renumber present Section 19 to Section 


Renumber present Section 20 to Section 
22. 

Renumber present Section 21 to Section 
23. 

Delete: present Section 22. 

Renumber present Section 23 to Section 
24. 


Add: New Section 25, 
Article XIII—Technical Committees 


Present By-Law 

“Technical Committees, not limited in 
number, shall be established and shall 
operate in accordance with the latest re- 
vision of ‘Rules to Govern Organization, 
Function and Operation of Technical Com- 
mittees of the AmERICAN WELDING 
Society’ under the jurisdiction of the 
Technical Activities Committee.” 

Proposed Amendment 

Section 1. ‘‘Technical Committees, not 
limited in number, shall be established and 
shall operate in accordance with the latest 
revision of ‘Rules to Govern Organization, 
Function and Operation of Technical 
Committees of the AMERICAN WELDING 
Society,’ as approved by the Board of 
Directors, under the jurisdiction of the 
Technical Activities Committee.” 


Add: Article X1V—Awards, Prizes and 
Certificates (New) 

Section 1. Awards and Prizes. ‘Awards 
and prizes may be established or sponsored 
by the Society, Associations, Firms or 
Individuals, and administered by the Society 
subject to the approval of the Board of Direc- 
tors. The provisions for the Awards or 
Prizes must also be approved by the Board 
of Directors.” 

Section 2. Meritorious Certificate 
Awards. “Meritorious Certificate Awards 
may be established by the Board of Direc- 
tors as a means of recognizing those who have 
performed some definite or unusual service 
to a Section, a District or to the Society, or 
for some outstanding achievement in the 
science or art of welding. Those at the Na- 
tional Level shall be nominated by the Na- 
tional Meritorious Certificate Awards Sub- 
committee, and those at the District or Sec- 
tion level shall be nominated by the District 
Meritorious Certificate Awards Subcom- 
mittees (see Article XII, Section 12). Not 
more than one citation shall be made by each 
District Meritorious Certificate Awards 
Subcommittee in any fiscal year.” 

Renumber present Article XIV to Article 
XV. 


Article XV—Voting and Proxy 


Add: New Section 3. Voting by Mail. 
“Voting by mail shall be used for the election 
of officers (see ArticleI1X). It may also be 
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used to ratify action taken at a duly called 
meeting when a quorum is not present, and 
also by Committees when it is not expedient 
to convene the Committee.” 
Renumber present Article XV to Article 
XVI. 
Article XVI—Publications 


Present By-Laws 

Section 1. THe WeLDING JOURNAL. 

(6) Tue Wetpinc JourNnat shall be 
sent to each member of the Society, in 
good standing. 

Section 2. Year Book. ‘‘A Year Book 
shall be published annually, or at such 
times as approved by the Board of Direc- 
tors. It shall include the Constitution and 
By-Laws of the Society; list of commit- 
tees and their membership; Alphabetical 
and Geographical List of Members; a 
financial statement and other data of 
interest to the membership of the Socr- 
pry.” 

Section 6. Use of Soctery Name or 
Emblem. ‘Unless approved by the 
Board of Directors, the name, emblem or 
initials of the Society shall not be used in 
any commercial publication or business, 
except to indicate conformity with its 
standards, or recommended practices.”’ 


Proposed Amendments 

Section 1. THe JourNAL. 

THe Wetpinc Journav shall be 
sent to each member of the Socrery, in 
good standing, except those whose dues have 
been cancelled in accord with Article IV, 
Section 4.” 

Section 2. Year Book and Directory. 
“A Year Book and Directory shall be pub- 
lished annually, or at such times as 
approved by the Board of Directors, and 
it may consist of one or more sections, each 
issued when the information becomes avail- 
able. It shall include an Alphabetical and 
Geographical List of Members and of Com- 
panies, Firms and Partnerships who spon- 
sor Sustaining Members, giving a brief 
account of their products or services. There 
shall also be a separate listing giving names 
and addresses of Companies, Firms and 
Partnerships who pay $100.00 or over in 
dues of members enrolled in the Member and 
Associate Member Grades. It shall also 
include the Constitution and By-Laws of 
the Socrety; listing of the Officers, Direc- 
tors, Past-Presidents, all Committees and 
their membership; a financial statement 
and other data of interest to the Member- 
ship of the Socrery. Copies of the Year 
Book and Directory shall be provided to 
members upon request.” 


Section 6. Use of Society Name or 
Emblem. ‘Unless approved by the Board 
of Directors, the name, emblem or initials 
of the Socrety shall not be used in any 
commercial publication or business, except 
to indicate individual membership in, or 
conformity with its standards, or recom- 
mended practices.” 

Renumber present Article XVI to Article 
XVII. 


Article XVII—Welding Research 


Present By-Law 

Section 3. Custodian of Research 
Funds. ‘The Custodian of research funds 
of the Socrety shall be the AMERICAN 
WE Lp1NG Society or any other body desig- 
nated by the Board of Directors.” 

Proposed Amendment 

Section 3. Custodian of Research 
Funds. “The Custodian of research funds 
of the Society shall be the Treasurer of the 
Society or any other body designated by 
the Board of Directors.” 

Renumber present Article XVII to Arti- 
cle XVIIL. 


Article XVIII—Audit and Finance 


Present By-Laws 

Section 1. Audit. “The financial 
accounts of the Society shall be audited 
annually previous to the Annual Meeting, 
by a Certified Public Accountant, selected 
by the Board of Directors.” 

Section 2. Bonds. “All of those 
authorized to sign -checks and other 
financial documents and those handling 
the monies of the Society shall be 
bonded.” 

Proposed Amendments 

Section 1. Audit. “The financial 
accounts of the Socrety shall be audited 
annually, as soon as possible after the close 
of the fiscal year, by a Certified Public 
Accountant, selected by the Board of 
Directors.” 

Section 2. Bonds. “All of those 
authorized to sign checks and other finan- 
cial documents and those handling the 
monies of the Society shall be bonded. 
The cost of the bonds shall be borne by the 
Society.” 

Renumber present Article XVIII to 
Article XIX. 


Article XIX—Fiscal Year 


Present By-Law 

Section 1. “The fiscal year of the 
Society shall commence on September Ist 
and end August 3l1st.’”’ 

Proposed Amendment 

Section 1. ‘The Fiscal Year of the 
Society shali commence on June Ist and 
end May 31st.” 

Renumber present Article XIX to Arti- 
cle XX. 


Article XX—Permanent Office 


Present By-Law 
Section 1. ‘‘A permanent office of the 
Socrety shall be maintained in the City of 
New York and shall be located in the 
Engineering Societies’ Building at 25-33 
W. 39th St., or at such other place as the 
Board of Directors may determine.”’ 


Proposed Amendment 
National Headquarters Office 


Section 1. ‘The Nutional Headquarters 
Office of the Society shall be located in the 


Engineering Societies’ Building at 25-33 
W. 39th St., in the City of New York, or 
at such other place as the Board of Direc- 
tors may determine.” 

Renumber present Article XX to Article 
XXI. 

Renumber present Article X XI to Arti- 
cle XXII. 


Article XXII—Amendments 
Present By-Law 


Section 1. ‘‘Amendments to these By- 
Laws may be instigated by petition signed 
by not less than ten voting members in 
good standing, or by the Constitution and 
By-Laws Committee, or by the Board of 
Directors. Such proposed amendments to 
become effective must be approved by not 
less than two-thirds of the Directors pres- 
ent at a meeting regularly called for con- 
sideration of same. If approved by the 
Board of Directors, amendments shall be 
considered temporary and then shall be 
published in THe WetpinGc JouRNAL and 
not less than 30 days later shall be sub- 
mitted to the membership for letter ballot; 
except that no letter ballot shall be sub- 
mitted to the membership in the months of 
May, June, July and August. The 
amendments shall be adopted at the expi- 
ration of 60 days after mailing the ballots 
unless rejected by at least 20 percent of the 
eligible voting membership.” 


Proposed Amendment 


Section 1. ‘‘Amendments to these By- 
Laws may be instigated by filing with the 
Secretary a petition containing a copy of the 
proposed amendment signed by not less 
than ten (10) Corporate Members in good 
standing or by the Constitution and By- 
Laws Committee or by the Board of Direc- 
tors. Such proposed amendments must be 
in conformity with the Constitution and to 
become effective must thereafter be ap- 
proved by not less than two-thirds (*/;) of 
the Directors present at a meeting regu- 
larly called for that purpose, a quorum 
being present, provided that a written notice 
of such proposed amendments shall have 
been given at a previous meeting of the Board 
and provided further that the Secretary shall 
have mailed a copy of such proposed amend- 
ments to each member of the Board at least 
sizly (60) days in advance of the meeting at 
which action thereon is to be taken. If 
approved by the Board of Directors, the 
amendments shall be considered temporary 
and then shall be published in Tut Wetp- 
ING JOURNAL and within not less than 
thirty (30) days a letter ballot shall be 
submitted to the membership on said 
amendments as so published in The Weld- 
ing Journal. Such amendments shall 
be deemed adopted at the expiration of 
sixty (60) days after the mailing of the 
letter ballot unless rejected by the votes of at 
least twenty percent (20°) of the eligible 
voting membership delivered to the Secre- 
tary within sizty (60) days.” 
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Aluminum 


® Preparation of soldered joints in aluminum 
and its alloys and their resistance to corrosion 


by J. D. Dowd 


INTRODUCTION 


OLDERING is probably the oldest method of metal- 
lurgically joining aluminum. Indeed, even before 
Charles Martin Hall discovered the process by 
which aluminum is made today, a number of solder 

and flux compositions, and procedures for soldering 
aluminum, had been proposed. Yet, in spite of its 
long history, there remains today much confusion con- 
cerning the soldering of aluminum. The objective of 
this paper is to describe the preparation and perform- 
ance of soldering joints in aluminum and its alloys 
so that much of this confusion can be removed. 

Soldering of aluminum may be defined as a process for 
metallurgically joining aluminum and its alloys to one 
another and to other metals by means of a dissimilar 
metal or alloy having a melting point below that of the 
aluminum alloy being joined. Soldering differs from 
brazing in that solders are not aluminum-base alloys 
whereas brazing alloysare. Also, in general, the temper- 
atures required for soldering are appreciably lower than 
those required for brazing. 

The use of soldering as a method for joining aluminum 
depends largely upon the ease with which the joints can 
be soldered and the performance of the resultant joints, 
especially with regard to resistance to corrosion. Since 
these factors are the principal ones governing the solder- 
ing of aluminum, the discussion in this paper will be 
primarily concerned with them. 


J. D. Dowd is Assistant Chief, Process Metallurgy Division, Aleo Aluminum 
Research Laboratories, New Kensington, Pa 


Presented at the AWS Thirty-Fourth National Fall Meeting held in Cleve- 
land, Ohio, week of Oct. 19-23, 1953. 


SOLDERABILITY OF ALUMINUM 


Ever since aluminum was first soldered, it has been 
realized that the fluxes, solders and procedures found 
satisfactory for other metals were not satisfactory for 
aluminum because of the tenacious oxide film that forms 
on it. As a result, the impression was created that alu- 
minum is extremely difficult, if not impossible, to 
solder. This may have been true in the past, but it is 
no longer so. With the fluxes and solders available 
today, aluminum can be soldered by using any of the 
normal soldering procedures. The ease of soldering is, 
of course, dependent upon a number of factors. The 
more important of these factors are base-alloy compo- 
sition, solder composition, flux composition, the shape 
of the parts being soldered, and the design of the joints. 


Solder Composition 


Throughout the years, literally thousands of solders 
for aluminum have been proposed. In this discussion, 
these solders are arbitrarily divided into three categor- 
ies: low-temperature solders, intermediate-temperature 
solders and high-temperature solders. Low-tempera- 
ture solders, which include the ‘‘soft solders,” are de- 
fined as alloys composed primarily of low-melting point 
metals such as lead, tin, cadmium and bismuth but 
which may contain small amounts of high-melting 
point metals such as zine, aluminum, copper, nickel, etc. 
Intermediate-temperature solders are defined as alloys 
that contain appreciable amounts of both low-melting 
point and high-melting point constituents. High- 
temperature solders, which include most of the “hard- 
solders,” " ? are defined as alloys in which zinc is the 
major constituent, as well as the constituent that melts 
at the lowest temperature. 
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Of the metals commonly used in solders, zine and tin 
wet aluminum readily but lead scarcely wets aluminum 
at all. For this reason, most aluminum solders for- 
merly contained appreciable amounts of zine and tin but 
relatively small amounts of lead. It has become possi- 
ble with the development of more active fluxes, how- 
ever, to solder aluminum easily with solders containing 
large amounts of lead. The specific solder that should 
be used for a certain application will depend upon the 
requirements that prevail for the particular soldered 
joint in question. These requirements include, in ad- 
dition to the ease of soldering, such factors as mechani- 
cal properties, resistance to corrosion, temperature lim- 
itations, and economic considerations. 


Flux Composition 


Perhaps the most important factor affecting solder- 
ability is the composition of the flux that is used. 
Throughout the years, almost as many fluxes have been 
proposed for use in soldering aluminum as solders them- 
selves. Today, there are two principal types of fluxes 
that can be used satisfactorily. They are the relatively 
new chloride-free organic fluxes developed by Miller,’ 
and the older chloride fluxes that have been used for a 
number of years. Many of the latter fluxes are based 
on heavy-metal chlorides that deposit the corresponding 
heavy metal on the aluminum surface and thus assist 
the flow of the solder. > The organic fluxes, which are 
essentially noncorrosive, are suitable for general use 
with low-temperature solders having good flow char- 
acteristics at temperatures below about 525° F. At 
higher temperatures, these fluxes deteriorate rapidly 
and consequently can be used only on applications 
where the joints can be soldered in a short time. Chlo- 
ride fluxes are available for soldering at any temperature. 
The residues from such fluxes are highly corrosive, 
however, and should be removed, or severe corrosion of 
the aluminum and any other metals present may result. 

It is also possible to solder aluminum without flux 
by mechanically removing the oxide with a wire brush, 
steel wool or some other means while a cover of molten 
solder is maintained on the aluminum. This method 
is somewhat limited in application since it generally re- 
quires separate tinning and soldering operations. An- 
other method requiring no flux is ultrasonic soldering in 
which the oxide is removed by ultrasonic vibration in- 
duced in the molten solder. This method can be used 
for both tinning and soldering; however, its use is 
somewhat limited by the physical, mechanical and elec- 
trical requirements of the process. 

These soldering methods have several advantages, 
the most important of which is that no flux is required. 
This advantage is especially great when soldering with 
intermediate-temperature and high-temperature solders 
which would otherwise require the use of chloride fluxes. 
Since no flux is employed, there is no flux-removal prob- 
lem and there can be no acceleration of corrosion by 
flux residues. Another advantage is that surfaces that 
are difficult to wet with solders, such as those of die 
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Fig. 1 Effect of magnesium in wrought aluminum alloys 
on solder spread (sheet etched before testing) 


castings, can often be tinned and soldered more readily 
by these methods than by methods employing fluxes. 


Base- Alloy Composition 


Soldering can be used for joining any of the commer- 
cial forms of virtually all aluminum alloys. In general, 
however, castings are more difficult to solder than are 
wrought products. Also, soldering becomes more diffi- 
cult as the amount of magnesium or silicon in the alloy 
increases. The effect of magnesium is_ especially 
marked when chloride-free organic fluxes are used, as is 
shown in Fig. 1. In fact, it is not possible to solder alu- 
minum alloys containing much more than 1% magne- 
sium satisfactorily using these fluxes. Such alloys can 
be effectively soldered, however, when chloride fluxes 
are used. As may be seen in Fig. 2, silicon decreases 
the ease of wetting when either chloride-free organic 
fluxes or chloride fluxes are employed. The effect 
of silicon is not As great as the effect of magnesium when 
organic fluxes are used but is greater when chloride 
fluxes are used. 

Solder-spread tests have shown that the temper of 
aluminum alloy has no effect in itself on solderability. 
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Fig. 2. Effect of silicon in wrought aluminum alloys on 
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Films that form on metal during heat treatment may, 
however, make some alloys more difficult to solder in 
one temper than in another unless they are removed 
prior to soldering. For example, the spread of a Pb- 
Sn-Zn soft solder on unetched 24-S-T3 alloy, which has a 
heat-treating film, was only 0.2 sq em when an organic 
flux was used. On etched 24S8-T3 aluminum, the spread 
of the same solder was 4.5 sq cm. 

Although the temper of an alloy in a suitably etched 
condition does not affect the ease with which the alloy 
is wetted by solder, it may affect the rate at which mol- 
ten solder penetrates into the alloy. It has been found 
that solder penetrates rapidly into magnesium-con- 
taining aluminum alloys that have been severely stressed 
by quenching, cold working, or a combination of the 
two.’ This rapid penetration of the solder, which oc- 
curs along the grain boundaries causing cracks to form, 
can be prevented by heating the metal to about 700° F 
before applying the solder. 


It is, of course, possible to solder aluminum alloys 
to dissimilar metals as well as to one another. In 
making such dissimilar metal joints, a soldering flux 
suitable for aluminum must be used in order to obtain 
satisfactory wetting of the aluminum. The joining of 
aluminum to other metals by soldering and other 
methods is discussed comprehensively in Reference 8. 

The ease of soldering is often improved by frst elec- 
troplating the aluminum part with another metal, such 
as copper. This is especially true for alloys that are 
difficult to solder. In addition, electroplating the alu- 
minum part may also increase the resistance of the 
soldered assembly to corrosion. Such electroplated 
aluminum can be soldered with the fluxes, solders and 
procedures that are normally used on the plating metal. 


Joint Design 


In making a soldered joint, the method used and the 
ease of soldering will be affected by both the design of 
the joint and the shape of the parts being soldered. It 
is rather easy to make fillet joints, for example, but 
much more difficult to make lap joints. In making lap 
joints, a clearance of about 0.010 in. between the sur- 
faces is generally necessary to permit the solder to flow 
into the joint. An ordinary electric or gas-heated iron 
with a copper tip can be employed in making small 
joints. Sometimes, however, it is more convenient to 
use a hot plate or a gas flame for soldering. When 
flame soldering, the flame should be directed so that the 
heat required to melt the solder is supplied by conduc- 
tion. The flame should not come into direct contact 
with the flux and preferably not with the solder. Many 
types of joints can be soldered readily by dip-soldering. 
The joints between aluminum cable and aluminum or 
copper lugs are typical examples. Another method 
that can be employed is wipe soldering. A satisfac- 
tory procedure for wipe soldering is to preheat the parts 
by pouring molten solder over them, after which the 
flux and additional solder are applied to tin the surfaces. 
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The joint is then completed by wiping the solder in the 
manner used on other metals. 

The strength of soldered joints in aluminum is essen- 
tially the same as that of soldered joints in other metals 
and depends upon the design of the joint and the com- 
position of the solder. In general, the highest values 
are obtained with hard solders and the lowest values 
with soft solders. 


RESISTANCE TO CORROSION 


Probably the most important single factor governing 
the use of soldering as a method for joining aluminum is 
the resistance to corrosion of the resultant joints. It 
has been found that a number of variables affect the 
resistance to corrosion of soldered joints. Before ex- 
amining the effect of these variables, however, the 
mechanism of corrosion of soldered joints in aluminum 
should be considered. 


Mechanism of Corrosion 


Soldered joints in aluminum corrode electrolytically 
because galvanic cells are established in corrosive en- 
vironments between the aluminum, the various phases 
in the solder and the layer that forms at the aluminum 
and solder interface. When such cells are established, 
the material with the highest negative electrode poten- 
tial corrodes preferentially to protect the remainder of 
the assembly just as zine corrodes preferentially to 
protect steel in galvanized products. 


Table 1—Electrode Potentials of Metals 
(1 N NaCl 4- 0.3% H.O¢ solution, 0.1 N Calomel Reference 


Electrode ) 


An examination of the electrode potentials listed in 
Table 1 shows that, with the exception of zine and cad- 
mium, aluminum has a higher potential than any of 
the metals that might be present in solders. From 
these potentials, it would be expected that aluminum 
should corrode preferentially to protect joints made with 
lead-tin and other soft solders. Virtually all the metals 
commonly used in solders, however—including lead, 
tin, cadmium, bismuth and zinc —increase the electrode 
potential of aluminum.'® These metals diffuse or 
penetrate a short distance into the aluminum during 
soldering to form a very thin interfacial layer. The 
potential of this interfacial layer is greater than that of 
aluminum and also greater than that of any of the met- 
als that might be present in the solder with the excep- 
tion of zine. It is evident, therefore, that in a soft- 
soldered joint, such as is made with a lead-tin solder, 
the high-potential interfacial layer will corrode prefer- 
entially to protect both the aluminum and the solder. 
This type of corrosion produces a failure that may be 
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Zn. ~1.10 Sn ~0.49 : 

Al —0.83 Cu... -—0.20 

Cd. —0.83 Bi —0.18 

Fe.... —0.63 Ag.... —0.08 : 
Pb... —0.55 Ni ~0.07 


referred to as an interfacial failure. A photomicro- 
graph of such an interfacial failure is shown in Fig. 3. 
A sketch showing the relative potential relationships in 
a soft-soldered joint is shown in Fig. 4. Inasmuch 
as soft-soldered joints fail interfacially, and since in 
such joints the amount of interfacial layer present is 
small, the resistance of soft-soldered joints to corrosion 
is relativeiy poor. 
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Fig. 4 Potential relationships in soft-soldered joints 


In a soldered joint made using zinc as the solder, the 
potential of the interfacial layer is greater than that of 
aluminum but less than that of zinc, as is shown in 
Fig. 5. Therefore, the zinc will corrode preferentially 
to protect both the aluminum and the interfacial layer. 


ELECTRODE POTENTIAL IN VOLTS 


5 Potential relationships in szinc-soldered joints 
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Fig. 3 Interfacial failure in soft-soldered joint 
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The life of such a soldered joint will 
be much longer than that of a soft- 
soldered joint since it will take much 
longer to corrode away the relatively 
large volume of zine in a zine- 
soldered joint than it will to cor- 
rode away the very small volume 
of interfacial layer in a soft-soldered 
joint. The fact that the potential 
gradient in zine-soldered joints is 
not as steep as it is in soft-soldered 
joints will also favor a longer life 
for the zine-soldered joints. 

The mechanism of corrosion of soldered joints de- 
scribed above has been found to be adequate for joints 
made with pure zine and with soft solders. It is not 
possible to state with equal certainty, however, what 
will happen to joints made with solders containing inter- 
mediate amounts of zinc. It would be expected that 
the resistance to corrosion should increase as the zinc 
content increases. The time that elapses prior to failure 
will probably depend upon the relative amounts and 
potentials of the various phases present as well as the 
microstructures of the solder joints. 


FAILURE 


Solder Composition 


It has long been known that the best solder for alu- 
minum, in so far as resistance to corrosion is concerned, 
is pure zinc.'' It has also been found that the addition 
of either aluminum or copper to zine has little or no 
effect on the resistance to corrosion of soldered joints 
made with such alloys. Consequently, it has been 
possible to develop high-temperature solders having 
soldering characteristics superior to those of pure zinc 
but with comparable corrosion characteristics. The 
zinc-aluminum alloys are such solders. Joints made 
with these solders will have a life of many years in or- 
dinary atmospheres. In fact, even in the severe ma- 
rine atmosphere that prevails at Alcoa’s Test Station 
at Point Judith, R. L., joints made with solders of this 
type are still in excellent condition after exposure for 
eight years. 

It would be highly desirable, of course, to lower the 
melting ranges of these high-zine solders. Unfortun- 
ately, however, additions of lead, tin, caamium and 
other low-melting point metals that could lower appre- 
ciably the melting ranges of these solders also decrease 
markedly the resistance to corrosion of soldered joints 
made with them. This effect is shown in Fig. 6 for 
soldered joints made with zine to which lead, tin, cad- 
mium and bismuth were added. Since these low-melting 
point metals have a decidedly detrimental effect on 
resistance to corrosion, the development of low-tem- 
perature or intermediate-temperature solders having 
corrosion characteristics comparable to those of high- 
temperature solders has not been possible. Further- 
more, because of the highly detrimental effect of these 
low-melting point metals, maximum limits for them in 
high-temperature solders must be kept at quite low levels. 
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Fig. 6 Effect of additions of low-melting point metals on 
the failure time of zinc-soldered lap joints in 3.59% sodium 
chloride intermittent spray 


It is frequently desirable and sometimes even neces- 
sary to use low-temperature or intermediate-tempera- 
ture solders for certain applications. The curves for 
tin and cadmium additions in Fig. 6 indicate that the 
resistance to corrosion of joints made with such solders 
will increase as the zinc content of the solder increases. 
This conclusion has been confirmed in a number of other 
tests. For example, it may be seen in Fig. 7 that the 
failure time of lap joints made in 3S aluminum with a 
soft solder containing lead, tin, cadmium and zine in- 
creased with increasing zinc content. It has also been 
found that the resistance to corrosion of aluminum- 
cable to copper-lug joints soldered with lead-tin-zine 
solders is superior to that of similar joints made with 
straight lead-tin solders. In view of these results, the 
conclusion may be reached that if a low-temperature or 
an intermediate-temperature solder must be used for a 
specific application, it is advisable to use one containing 
as much zine as possible. 

It has also been found that the addition of other high- 
melting point metals such as copper, aluminum, silver 
and nickel to low-temperature and intermediate-tem- 
perature solders will frequently, although not always, 
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PER CENT ZINC IN SOLDER 
Fig. 7 Effect of zinc in lead-tin-cadmium-zinc solders 
on failure time of lap joints exposed to New Kensington, 
Pa., atmosphere 
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increase the life of soldered joints. The amount of these 
elements that can be added is limited, since they in- 
crease the melting point of solders rapidly. With fur- 
ther reference to the effects of these high-melting-point 
metals, it should be noted that the addition of aluminum 
causes the wrought forms of tin-zine solders to age and 
embrittle. Consequently, the fabrication of such sold- 
ers into wrought forms is not practicable. 


Flux Composition 


It has been found that, in general, the composition of 
the flux used has little, if any, effect on the resistance 
to corrosion of soldered joints made with low-tempera- 
ture or intermediate-temperature solders. Flux com- 
position can, however, have a very great effect when 
high-temperature solders are used. When such solders 
are used, reaction fluxes that deposit low-melting point 
metals such as lead, tin or cadmium should be avoided 
since, as has already been shown in Fig. 6, the introduc- 
tion of these metals into joints made with high-tempera- 
ture solders will markedly reduce the resistance of such 
joints to corrosion. 

Flux composition can also have a marked effect if 
the flux residues are not completely removed. Residues 
from chloride fluxes can cause severe corrosion of the 
aluminum, especially in assemblies in which the residues 
are entrapped; but, residues from chloride-free organic 
fluxes will cause little or no corrosion in any type of 
assembly. This marked difference in the effect of 
flux residues is shown in Fig. 8 for aluminum-cable to 
copper-lug joints exposed to the industrial atmosphere 
in New Kensington, Pa. As may be seen, the electrical 
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aluminum cable to copper lug joints exposed to New 
Kensington, Pa., atmosphere 
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resistance of joints soldered using chloride fluxes in- 
creased 275% after 40 weeks’ exposure. The resistance 
of similar joints made with a chloride-free organic flux, 
however, remained essentially constant. Even greater 
differences were obtained on specimens exposed in ele- 
vated-temperature humidity. 

When wire of very small! diameter is to be soldered, all 
flux residues, including those of chloride-free organic 
fluxes, should be removed. Even a small amount of 
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Fig.9 Effect of residues from chloride-free organic fluxes 
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corrosion could have a serious effect on the functioning 
of joints in such wire. This effect is illustrated by the 
results shown in Fig. 9 for soft-soldered joints made 
between stranded 14-gage aluminum cable and silver- 
plated copper lugs using an organic flux. These joints 
were exposed over water in a closed container at room 
temperature. The increase in the electrical resistance, 
during a 3-year period, of joints from which the flux 
residues were removed is probably due to simple gal- 
vanic corrosion between the aluminum cable and the 
silver-plated copper lugs. The higher increase in elec- 
trical resistance of joints from which the flux was not 
removed can be ascribed to acceleration of corrosion by 
flux residues. 


Base- Alloy Composition 


Base-alloy composition and temper have relatively 
little effect on the resistance to corrosion of soldered 
joints. What differences do exist are of about the 
same magnitude as the differences that exist among 
joints made with different soft solders. 

The resistance to corrosion of soldered joints between 
aluminum and dissimilar metals will depend somewhat 
upon the composition of the solder. Joints between 
aluminum and dissimilar metals made with low-tem- 
perature and intermediate-temperature solders will 
generally have about the same resistance to corrosion as 
all-aluminum joints. There may be exceptions to this 
generalization, however. For example, the resistance 
to corrosion of an aluminum-copper assembly soldered 
with a 95% Pb-5% Ag solder and exposed in salt spray 
was much better than that of an all-aluminum assembly 
made with the same solder. When high-temperature 
solders are used, the resistance to corrosion of all-alumi- 
num assemblies is generally superior to that of alumi- 
num-dissimilar metal assemblies. For example, joints 
between aluminum and copper, brass or steel that were 
made with zinc and exposed to salt spray or salt water 
failed within four months while similar all-aluminum 
joints lasted almost a year. In such cases, the greater 
potential difference between zinc and the dissimilar 
metals, as compared with that between zinc and the 
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Fig. 10 Potential relationships in soft-soldered joints on 
copper-plated aluminum 
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aluminum, caused the aluminum-dissimilar metal joints 
to fail before the all-aluminum joints. 

In the section describing the mechanism of corrosion, 
it was pointed out that soft-soldered joints fail interfaci- 
ally in a very short time in highly corrosive environ- 
ments because of the high potential of the thin inter- 
facial layer. It is evident that if this interfacial layer 
could be prevented from forming, a different type of 
corrosion would occur and the life of the joints could 
possibly be increased. One way to prevent the for- 
mation of this interfacial layer is to electroplate the 
aluminum with another metal such as copper, iron or 
nickel prior to soldering. As may be seen in Fig. 10, 
the potential relationships in such a joint are entirely 
different from those in a soft-soldered joint. When 
low-potential barrier platings like these are used, the 
aluminum will have the highest potential of any ma- 
terial in the assembly; consequently, it will corrode 
preferentially to protect both the plating and the joint. 
The use of such barriers has been found to increase 
the life of soft-soldered joints. For example, the fail- 
ure time of soft-soldered lap joints exposed in an ele- 
vated-temperature humidity test was increased nearly 
20 times by application of a thin copper electroplate prior 
to soldering. The resistance to corrosion can usually 
be further increased by stripping from the assembly 
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Fig. 11 Potential relationships in soft-soldered joints on 
zinc-plated aluminum 
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before exposure any excess plating that is not covered 
with solder. This stripping operation would not be 
necessary if the initial plating were confined to those 
surfaces that are to be completely covered with solder. 
The use of zine as a barrier gives potential relation- 
ships different from those obtained with low-potential 
barriers such as iron, nickel or copper. This may be 
seen in Fig. 11. In such a joint, the zine has the highest 
potential and will preferentially corrode to protect the 
aluminum and the solder. Interfacial failures that are 
somewhat similar to those occurring in soft-soldered 
joints are obtained. The time of failure in such cases 
depends upon the thickness of the zine plating. 


Joint Design 


A very important factor affecting the resistance of 
soldered joints to corrosion is the design of the joints. 
A study of data obtained during many years of corrosion 
testing indicated that the resistance to corrosion of sold- 
ered joints increased as the length of the corrosion 
path increased. This conclusion has been verified in 
recent tests still in progress in which several types of 
soldered joints, each having corrosion paths of varying 
lengths, were exposed to different atmospheres. The 
results definitely show that the time to failure increases 
as the length of the corrosion path increases. This 
effect is recorded in Fig. 12 for specimens exposed in the 
industrial atmosphere of New Kensington, Pa., and the 
seacoast atmosphere at Point Judith, R. I. Similar 
results were also obtained in salt-spray and elevated- 
temperature humidity atmospheres. 
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Fig. 12 . Effect of length of corrosion path on failure time 
of soft-soldered joints exposed to New Kensington, Pa., 
and Point Judith, R. I., atmospheres 


The results given in Fig. 12 also show that the butt 
joints were more resistant to corrosion than were the lap 
joints, probably because the formation of corrosion 
products pried the lap joints apart to a greater extent 
than it did the butt joints. From these results, it may 


be concluded that the design of the joint, as well as the 
length of the corrosion path, has an effect on the resist- 
ance of soldered joints to corrosion. This conclusion 
is further borne out by the exceptionally good resistance 
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to corrosion of soft-soldered joints between aluminum 
cable and aluminum or copper lugs. In such joints, the 
individual strands of cable adjacent to the lug usually 
corrode more rapidly than the solder or the aluminum- 
solder interface. It is thought that the interfacial 
type of failure that might be expected does not occur 
because the corrosion product that forms where the 
cable enters the lug can not pry the joint apart but rather 
tends to seal it from further corrosion. 


Environment 


Perhaps the most important single factor affecting 
the resistance of soldered joints to corrosion is the en- 
vironment in which the joints are exposed. In dry 
atmospheres, even soft-soldered joints can be expected 
to last many years, while in salt spray or other extremely 
severe environments such joints will last only a few 
days or weeks. The relative severity of different en- 
vironments is illustrated by the fact that soft-soldered 
lap-joints in aluminum sheet are still in excellent con- 
dition after 14 years’ exposure indoors at the Aluminum 
Research Laboratories in New Kensington, Pa. Simi- 
lar joints exposed outdoors in the relatively severe in- 
dustrig] atmosphere of New Kensington lasted only 
four to five years while still others exposed in salt spray 
lasted less than a month. From these results, it may 
be concluded that even though a soldered joint may 
have a very short life in extremely severe atmospheres 
such as salt spray, it may have adequate life in the less 
severe environments encountered in actual service. 

The resistance to corrosion of soldered joints can often 
be improved by providing a protective coating over the 
joint. For example, the time that elapsed before failure 
of soft-soldered lap joints in bare aluminum sheet ex- 
posed to salt spray was doubled when the joints were 
given a thin coating of aluminum-pigmented zinc- 
chromate primer. The life of similar joints on copper- 
plated aluminum was increased five times by painting. 
Even greater benefits should be obtained on specimens 
exposed in less severe environments. For example, 
after 14 years’ exposure in New Kensington atmosphere 
there was no corrosion whatsoever of painted soft- 
soldered joints connecting aluminum lugs to aluminum 
cable in a lightning protection system. In order to ob- 
tain such improvement in resistance to corrosion, the 
coating must be continuous and must have inherently 
good resistance to corrosion in the given environment. 
Not all paint or other protective-coating systems meet 
these requirements; consequently, considerable dis- 
cretion must be employed in choosing a protective- 
coating system for a given application. 


Soldering vs. Brazing and Welding 


Since brazing and welding are often alternative 
methods for joining aluminum, the relative resistance to 
corrosion of soldered, brazed and welded joints should 
be considered. Such a comparison shows brazed or 
welded joints to be definitely superior to soldered joints, 
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even though high-temperature solders are used. Con- 
sequently, if very high resistance to corrosion is re- 
quired, brazing or welding should be given consideration 
as the joining method to beemployed. There are many 
applications, however, in which soldered assemblies 
will have adequate resistance to corrosion. Indeed, 
actual service experience has shown that sound soldered 
joints, when adequately protected, will give satisfac- 
tory performance in various environments even after 
exposure for 35 years. 


SUMMARY 


Aluminum and its alloys can be readily soldered once 
the oxide film on the surface has been removed. This 
oxide can be removed mechanically by ultrasonic vibra- 
tion, abrading with steel-wool, wire-brushing or by 
some similar means while the surface is covered with 
molten solder, or it can be removed with fluxes. A 
chloride-free organic flux is recommended for use with 
low-temperature solders. With high-temperature sold- 
ers, it is necessary to use chloride fluxes, the residues 
of which should be completely removed to prevent sub- 
sequent corrosion of the aluminum.  Solders for alumi- 
num are generally alloys of lead, tin, and zine, although 
small amounts of other elements have been added to 


many such solders. In general, the resistance to corro- 
sion of soldered joints in aluminum has been found to 
increase as the zine content of the solder increases. 
The best solders from a corrosion viewpoint are zinc- 
base alloys in which zinc is the lowest melting metal. 
The resistance to corrosion of soldered joints has also 
been found to depend upon joint design, environment 
and effectiveness of protection. Sound soldered joints 
that are adequately protected have been found to give 
satisfactory service in various environments for many 
years. 
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Buckling Tests on Welded 
Plate Girders with Stiffeners 


by C. Massonnet 


N EARLIER work with R. Greisch the author pre- 
pared tables for the rapid dimensioning of stiffeners 
for welded plate girders, and for determining the 
spacing of vertical stiffeners and the location of 

horizontal stiffeners. The tables were calculated for 
the ideal case of a perfectly plane plate with a perfectly 
straight stiffener, the load being exactly in the plane of 
the plate. The present paper reports tests to deter- 
mine the extent to which actual stiffeners depart 
from the optimum theoretical behavior, especially 
beyond the critical load. The tests were part of a 
program of research sponsored by the Belgian Commit- 
tee for the Study of Metallic Structures. 

Two welded plate girders, each 42 ft long, 3'/, ft 
high, were divided into panels 8 ft long by very rigid 
vertical stiffeners. Within each panel was one of sever- 
al systems of stiffeners: 


1. A horizontal stiffener at mid height. 


Massoanet i: is » Professor at the Univ erslty of Liege, Belgium. 


Abstracted by Dr. G. E. Claussen from “Essais de voilement sur poutre A 
Ame raidie,’ * published in L'Ossature Metallique, 18, 627-631 (1953), ineclud- 
ing discussion, 
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2. A horizontal stiffener at quarter height on the 

compression side of the girder. 

3. <A series of 1, 2, 3 or 4 identical and equidistant 
vertical stiffeners. 

Tests were made first just beyond the buckling load 
varying the number, location and relative rigidity of 
the stiffeners. Later the girders were loaded to de- 
struction. The girder was supported as a simple beam 
with up to four hydraulic jacks supplying the load. 

The nondestructive tests made it plain that the 
strictly rigid stiffener is indeed an idealization. Stiffen- 
ers do not remain straight under load, because the 
web plates are not plane nor are the loads exactly con- 
centric. Let G be the theoretical rigidity of the light- 
est stiffener as given by such authorities as German 
standard DIN 4114. The nondestructive tests pro- 
vide a factor by which G must be multiplied to secure 
a stiffener that is practically rigid in service. These 
factors are: 


For the horizontal stiffener at mid height-—2. 

For the horizontal stiffener at quarter height—5. 

For vertical stiffeners—15. 

These factors apply for loads only slightly above 
those met in service, and do not extend into the region 
of buckling of the girder as a whole. The factors apply 
to the moment of inertia of the stiffeners. The correc- 
tion to the cross section is much smaller. 

Beyond the buckling point the tests to destruction, 
only four in number, show that the stiffeners rapidly 
lose their load-bearing capacity. 
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Welds in Titanium 


by J. C. Barrett and I. R. Lane, Jr. 


INTRODUCTION 


HIS paper deals with further studies on the effect. of 

gaseous contaminants (such as oxygen, nitrogen, 

hydrogen and water vapor), as carried in a helium 

atmosphere, on the properties of are welds in 
titanium metal. A quantitative knowledge of these 
effects may lead to more successful open-air welding of 
this easily contaminated metal. 

This project is being carried on by the Federal 
Bureau of Mines, College Park, Md., in cooperation 
with the Army Ordnance Corps, Watertown Arsenal. 
A paper reporting on the initial phases of this investiga- 
tion, and with the same title, was delivered at the 
AMERICAN WELDING Society meeting in Philadelphia 
in October 1952 and published in THe WetpInG 
JourRNAL for June 1953. In this publication the equip- 
ment and the methods of obtaining the desired at- 
mospheres were described, and some test results 
on welds in '/,-in titanium were presented. Con- 
clusions derived were as follows: 

1. A weld in titanium made in a pure helium at- 
mosphere has tension and bend properties comparable 
to those of the parent material. 

2. Severe embrittlement occurs when oxygen or 
nitrogen comprises 10°% of the gaseous mixture (the 
other component being helium). 

3. Considerably less than 1°% of either nitrogen or 
oxygen should be present if properties are to approach 
those of welds made in pure helium. 

4. The helium atmosphere should have a relative 
humidity of less than 5° (1.26 mg water/liter of He 
at 80° C) for the resultant welds to be comparable to 
those made in pure helium. 

5. Hydrogen, even as high as 10°) by volume in the 
mixture, has little effect on tensile and bend properties 
of titanium welds. 


. C. Barrett is Acting Chief, Physical Metallurgy Branch, and I. R. Lane, 
r., is Metallurgist with the Federal Bureau of Mines, College Park, Md. 


Presented at the National Spring Meeting held in Houston, Tex., week of 
June 16-19, 1953. 
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» Effect of oxygen, nitrogen, hydrogen and water vapor on the physi- 
cal properties of inert-gas-shielded tungsten arc welds in titanium 


The present paper extends the investigation to in- 
clude helium atmospheres containing 0.25 to 1.0°% 
oxygen, nitrogen and air, and 0.63 to 2.53 mg of 
water per liter (2.5 to 10°% relative humidity), and to 
include stock thicknesses of '/4, and Proper- 
ties of the welds are evaluated by tension, bend and 
hardness tests, and, in the case of the '/:-in. stock, by 
impact tests at various temperatures. 


PROCEDURE 


Welding Equipment and Equipment for Intro- 
ducing Gases 


The first paper dealing with this investigation (THE 
WELDING JOURNAL, 32 (6), Research Suppl., 238-s to 
291-s (1953)) contains detailed information regarding 
equipment and welding procedures. All welds _re- 
ported here were made by the automatic method 
described in the first article. 


Materials and Specimens 


Titanium sheet, and in., and titanium 
wire, 0.10 to 0.15 in. diam, of the type known until 
recently as “commercially pure,’ were used in these 
tests. Sheet stock was in the hot-rolled, pickled and 
annealed condition, while the wire was cold-swaged, 
annealed and mechanically cleaned. In all cases wire 
used for making a weld was cut from the same sheet, 
e.g., '/y-in. pieces were welded with rod cut from '/,-in. 
sheet. 

Mechanical properties of the sheet used were 50,000 
65,000 psi yield strength (0.20% offset), 65,000—80,000 
psi ultimate strength, and 23-28% elongation in 2 in. 
and the hardness ranged from 160 to 190 Vickers. 
Carbon contents were less than 0.05%, except that one 
1/-in. sheet contained 0.13% carbon; nitrogen con- 
tents were less than 0.03°%. Hydrogen and oxygen 
analyses of base materials will be reported at a future 
date, when vacuum fusion equipment is installed at 
this station. 
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Table 1—Welding Variables 


Stock Size of Size of 
thickness, Edge electrode, filler rod, Voltage, Current, No. of Welding 
in. preparation in. in. C.D.S.P. amp passes speed, ipm 
1/5 Saw cut 1/16 0.10 16-20 140-160 1 5-6 
Single-vee 70-deg 0.12 15-20 150-165 4-5 5-6 
included angle 
Double-vee 90-deg 3/16 0.15 15-20 170-190 7-8 5-6 


included angle 


The gases used in this work were described in the 
first article with the exception of the compressed air, 
which has a water content of less than 0.002 mg/liter. 


Welding Procedure 


As stated above, all welds were made automatically ; 
filler rod was laid in the gap between pieces, in the case 
the '/s-in. stock and in the vee groove, in the case of the 
1/- and '/.-in. stock; the torch ran automatically the 
length of the rod, thus making the weld. In the thicker 
gages, more than one pass was needed. In some cases 
these passes were made without rod. Table 1 lists all 
the welding variables. It can be noted from the table 
that welding speeds were kept constant and low; faster 
speeds are to be studied at a later date. Conditions 
shown in Table 1 were maintained regardless of at- 
mosphere. None of the welds reported were protected 
from the controlled atmosphere of the chamber by an 
inert-gas shield issuing from the torch. 


Tests of Welds 


All welds were studied for outside appearance. Then 
each of the specimens (6 in. square with a weld in the 
middle) were sectioned perpendicular to the weld to 
provide two tensile specimens in. wide by 2'/,-in. 
measured section), two bend specimens (1 in. wide), 
and one microspecimen. This procedure was followed 
in the case of welds in '/s and '/,-in. stock; the !/2-in. 
material was so cut as to provide for round subsize 
tensile bars ('/, in. diameter, 1-in. long measured 


section). Bend tests of welds in the ' -in. stock were 
similar to those in the smaller sizes. All bend speci- 
mens were tested by bending them around a bar the 
diameter of which was four times the thickness of the 
sheet. In a few special cases, the bent specimens were 
further bent over a smaller bar to discern small differ- 
ences in ductility. The face of the weld was subjected 
to the greatest fiber stress. 

The microspecimen cut from each weld was used 
both for metallographic study and for a Vickers hard- 
ness exploration across the weld. 

It was felt that the influence of small amounts of 
contaminants could be pointed up more readily by the 
Charpy impact test, as this test is purported to be very 
sensitive as far as embrittlement is concerned. This 
was thought to apply particularly to small amounts of 
hydrogen, which in the earlier work had not affected 
tensile and bend properties to any degree. Accord- 
ingly, several welds were made in '/2-in. stock with the 
same welding conditions as shown in Table 1. These 
welds were made in the following atmospheres: 


Pure helium 

0.25°% oxygen, 99.75°% helium 

0.25°% nitrogen, 99.75°% helium 

0.25% hydrogen, 99.75°% helium 

Helium containing about 1.25 mg water/liter at 80° 

F (5% R.H.) 

The notch was cut in the center of the weld, from top 
to bottom. In addition to the welded specimens, 
impact specimens were machined from base-metal 
stock, both in the longitudinal and transverse directions. 


Table 2—Effect of Oxygen on Weld Properties 


(Each Value Represents an Average on 2 Tests) 


Atmos- properties — 
Stock phere Yield strength, Ultimate 
thickness, % by pst strength, % elongation 
in. volume (0.2% offset) pst in 2 in, 
1/, Pure He 51,800 74,400 18.5 
1/5 0.25 O, 50,500 72,400 18.5 
99.75 He 
0.50 51,700 70,900 17.0 
99.50 He 
1/, 1.00, 52,900 77, 10.5 
99.0 He 
1), Pure He 59, 200 80,000 16.0 
1/, 0.25 O, 54,100 80,700 17.5 
99.75 He 
1/, Pure He 58,400 74,800 15.0t 
1/, 0.25 O. 57,200 75,600 17.0f 


99.75 He 


—Bend properties—~ 
Bend 


——~ —Vickers hardness 
angle Marimum 
Location (R = 87), Parent in 
of break* deg Broken metal weld 
P 180 No 160 195 
P 180 Yes 160 246 
P 160 Yes 166 265 
EW 30 Yes 160 340 
P 180 No 185 230 
P 100 Yes 187 300 
P 180 No 183 210 
P 183 480 


* Key tosymbols: P, parent metal; W, weld; EW, edge of weld. 
+ Elongation in 1 in. 
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Here also the notch was so cut as to take in the thickness 
of the sheet, or at least that portion of it which the 
Charpy dimensions allowed. 

Impact tests were made at the following tempera- 
tures: 0, 40, 80, 120 and 160° C. For the lowest 
temperature, the specimens were immersed in a dry ice- 
acetone mixture; the 40 and 80° C temperatures were 
attained in a water bath with immersion heater; and 
the two highest temperatures were reached in a di- 
ethylene glycol bath with immersion heater. Transfer 
of the specimens from the bath to the impact testing 
machine was accomplished by the use of a special pair 
of tongs which automatically centered the specimen in 
the impact testing machine. In this way no more 
than 5 seconds were lost between removal from the bath 
and striking with the hammer. The tongs were also 
immersed in the bath with the specimens during the 
heating and cooling period. 


RESULTS 
Tensile, Bend and Hardness Tests 


Table 2 presents the results of tests of welds made in 
helium atmospheres containing oxygen. For compari- 
son, test results of welds made in a pure helium atmos- 
phere are also listed. Tensile behavior is unaffected 
until the oxygen content of the atmosphere reaches 1%. 
The bend and hardness tests, as would be expected, are 
more sensitive than the tensile test; as little as 0.25% 
oxygen causes some loss in ductility and rise in weld 
hardness. These effects become more pronounced as 
the oxygen content of the atmosphere is raised. In the 
case of the heavier gages, the additive effect of the con- 
tamination as the number of passes increases, plus the 
greater surface exposure of the weld to the atmosphere, 
cause the observed higher weld hardness. These high 
hardnesses exist only near the surface; the center of the 
welds in both the !/4- and 3/2-in. stock is relatively low 
in hardness. This will be dealt with more fully below. 

Analyses of these welds for oxygen content cannot 
be made until later, when vacuum fusion apparatus for 
this determination is set up at College Park. 

Table 3 shows the effect of nitrogen on weld proper- 


ties. Here embrittlement is more severe than in the 
case of oxygen-containing atmospheres; low-ductility 
tension fractures occur in '/s-in. welds made in a 1% 
nitrogen-helium atmosphere, and in !/,-in. welds made 
in a 0.25% nitrogen-helium atmosphere. These 
tension breaks tend to be located at the edge of the 
weld, probably because of the great hardness differ- 
ential between the weld and the heat-affected zone. 
The low ductility of these welds is also demonstrated by 
the bend test, which follows more or less the same 
pattern as observed with oxygen-bearing atmospheres. 

Table 3 also lists the nitrogen contents of the welds 
tested. In so far as was possible, specimens used for 
these analyses represented an average cross section of 
the weld. In the case of the welds in the !/s-in. stock, 
it is observed, as would be expected, that the nitrogen 
content of the weld increases with the amount of nitro- 
gen in the atmosphere. A nitrogen content of between 
0.10 and 0.20% in the weld causes enough embrittle- 
ment so that ductility in the bend test islowered. This 
agrees with a paper by D. GC. Martin entitled “Effects of 
Carbon, Oxygen and Nitrogen on Welds in Titanium” 
(THe Wextpinc JouRNAL, 32 (3), Research Suppl., 
139-s to 154-s (1953)), in which the author states that 
are welds in titanium sheet containing 0.13% nitrogen 
have very low bend ductility. The nitrogen content of 
the contaminated weld in ‘/;-in. stock appears to be 
very high (0.38% nitrogen), if one observes its hardness 
and compares it with the hardness of the welds made in 
1/,-in. stock. It can only be assumed that the deter- 
mination was made on a specimen taken from a segre- 
gated area. This will be checked more fully later. 

The increase in the maximum hardness of welds in 
1/,-in. stock with increasing amounts of oxygen and 
nitrogen in the atmosphere is graphically represented 
in Fig. 1, for which the data in Tables 1 and 2 were 
taken. It can be seen that the two gases act similarly 
and that nitrogen has a slightly stronger effect than 
oxygen, within the range studied. 

Table 4 summarizes the effect of moisture from 
practically nothing up to a content of 2.53 mg/liter of 
helium at 80° F (10% relative humidity). Accord- 
ing to the table, little if any change is observed; welds 


Table 3—Effect of Nitrogen on Weld Properties 


(Each Value Represents an Average of 2 Tests) 


—Bend properties— 


Atmos- Nitrogen - - Tensile properties———— — Bend —Vickers hardness— 
Stock phere, content Yield strength, Ultimate Location angle Maximum 
thickness, % by in weld, psi strength, % _ elongation of (R = 2T), Parent in 
in. volume % (0.2% offset) pst in 2 in. break* deg Broken metal weld 
1/, Pure He 0.007 51,800 74,400 18.5 a 180 No 160 195 
i/, 0.25 N2 0.089 50,500 72,200 16.5 P 180 Yes 160 287 
99.75 He 
1/, 0.50 N, 0.172 50,900 74,900 15.0 P 145 Yes 156 303 
99.50 He 
1/, 1.0N, 0.270 54,200 76,500 6.0 EW 40 Yes 160 370 
99.0 He 
1/4 Pure He 0.038 59,200 80,000 16.0 r 180 No 185 230 
1/4 0.25 No 0.380 61,400 77,300 6.5 EW 10 Yes 186 304 


99.75 He 
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* Key tosymbols: P, parent metal; W, weld; EW, edge of weld. 
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Table 4—Effect of Moisture on Weld Properties 
(Each Value Represents an Average of 2 Tests) 


Moisture in atmosphere ——Bend properties— 

Stock content ——Tensile properties Bend —V ickers hardness— 
“s thick- (mg/liter Relative Yield strength, Ultimate angle Maximum 
ee ness, of heat, humidity, psi strength, % elongation Location (R = 27), Parent in 

in. 80° F) % (0.2% offset) psi in 2 in. of break* deg Broken metal weld 

'/s <0.01 <0.05 55,400 79,700 14.5 y 180 No 160 206 

'/s 0.63 2.5 52,500 75,300 18.5 a 180 No 160 216 

'/s 1.26 5.0 49,100 73,200 20.0 4 180 No 160 227 

'/s 2.53 10.0 51,700 73,700 18.5 P 180 No 160 240 

1/4 <0.01 <0.05 59,200 80,000 16.0 P 180 Yes 185 230 

/, 1.26 5.0 56, 800 79,400 18.0 P 180 Yes 185 245 


* Key tosymbols: P, parent metal; W, weld; EW, edge of weld. 


thickness; in this test the weld made in a pure helium 
atmosphere withstood the bending without breaking, 
but the other three welds cracked. This illustrates 
that moisture lowers ductility, but only very slightly. 


The effects of small amounts of compressed, dry air 
on weld properties are shown in Table 5. Only ' y-in. 
stock was welded in these atmospheres. The table 
shows progressively lower ductility and higher weld 
hardness as the amount of air is increased. The effect 
Z “| is much like that of nitrogen and oxygen, although not 
tro « so pronounced at the higher percentages of con- 
f | taminant. Bend properties follow the contaminant 
level nicely. One discrepancy is seen in the weld hard- 
‘ oe 080 ors 1e ness values, that of the weld made in the 0.25°;, air- 
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Fig. 1 Effect of nitrogen and oxygen in the welding ; 
atmosphere on weld hardness : 


are ductile even when made in an atmosphere of the 
highest humidity studied. This is somewhat at 
variance with the results of earlier work, which showed 
lower bend values at 5 and 10°% relative humidity. It 
is believed that the values listed here are more to be 
credited, however, since the stock used for the earlier 
work had variable bend ductility, even in the un- 
welded state. It appears, then, that ductility is 


Fig. 2 Bend 
test of weld in 
thick 


titanium 
practically unaffected by small amounts of moisture, 
but that weld hardness is slightly raised. As all !/s-in. 
bend tests were still intact after having been bent 
around a pin of radius twice the thickness of the sheet, it 
was decided to give them a more drastic bend test, in the 
hope of pointing up slight differences. Hence the welds . 
were bent around a pin of radius equal to the sheet 
Table 5—Effect of Dry Air on Weld Properties 
(Each Value Represents an Average of 2 Tests) 
—Bend properties 
Almos- - Tensile Properties — ~ Bend -Vickers Hardness—~ 
Stock phere, Yield strength, Ultimate angle Marimum 
thickness, % by pst strength, % elongation Location (R = 27), Parent in 
in. volume (0.2% offset) psi in 2 in. of break* deg Broken metal weld 
ts Pure He 62,600 84,800 20.5 P 180 No 187 228 
1/, 0.25 7 62,800 83,800 21.5 P 120 Yes 186 285 
99.75 He 
1/5 0.50 air 62,200 82,100 20.5 Pp 105 Yes 187 266 
99.50 He 
'/s 1 .Oair 59,400 83,400 21.5 P 75 Yes 187 306 
99.0 He 


* Key tosymbols: P, parent metal; W, weld; EW, edge of weld. 
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helium atmosphere being higher | 
than that of the weld made in the 
0.50% air-helium atmosphere. 
This phenomenon is to be studied | 
further. = | 


| @-——Weild in pure helium atmosphere 


| 


° Weld 0.25% oxygen atmosphere 
Weld 


Figure 2 is illustrative of the high 
ductility of welds made in an 


atmosphere of pure helium. Shown 


HARONESS 


is a weld in '/s-in. stock, which was 
bent, without cracking, 180 deg 
around a pin of which the radius 
equaled the sheet thickness. The 


weld outline can be clearly seen. 


+ + + 


+ 


It was mentioned above that in 
the thicker stock ('/4 and 1/2 in.) 


there was considerable variation DISTANCE FROM WELD MILLIMETERS 


in hardness across welds made in 3 Hardness traverse on weld in '/.-in. thick titanium 
contaminated atmospheres. This 
is illustrated in Fig. 3, which 
shows hardness traverses in two 
welds in ‘ein. stock, one made 
in an atmosphere of pure helium 
and the other in an atmosphere 
containing 0.25°> oxygen. As 
would be expected, the former 
contains little hardness variation, 
but the latter shows considerable 
change, from around 500 Vickers 
at the weld surfaces to about 230 
Vickers at the center of the weld 
thickness. This center hardness is 
almost as low as that of the weld 
made in pure helium. Apparently 
the deep vee configuration (see 
Table 1) protected the first passes; 
as more and more surface was ex- 
posed, the contaminant became 


more effective. This conclusion 
was checked by making another 
weld in '/.-in. stock and by taking 
hardness readings after each weld 
pass. Corroboration was obtained; 
the first pass was low in hardness, 
and succeeding passes in both 
directions from the center were in- 
creasingly harder. Such a differ- 
ential also occurred in contaminated 
welds in !/4-in. stock, but the varia- 
tion from highest to lowest hard- 
ness was smaller. This protection 
afforded by a deep vee or groove 
could possibly be put to advantage 
when open-air welds are made. 


Macrostructure 


Figures 4, 5 and 6 show the macro- Fig. 4 Macrostructures of welds in '/,-in. stock welding atmospheres 
: ‘ >1 1 1 
structures of we Ids made in > (© A, Pure helium; B, 1% oxygen, 99% helium: C, 1% nitrogen, 99% helium; D, 1% air. 99% 


and 1 in. stock, respectively, in an ee 2.53 mg water per liter at 80° F (10% relative humidity). Etch: 
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both uncontaminated and contaminated atmospheres. 
The amount of contamination in these welds is not 
great enough for a new structural phase to appear; 
hence their microstructures are similar to that of a weld 


Macrostructure of welds in '/,-in. stock welding 


a * Pure helium; B, 0. 25% oxygen, 99.75% helium; C, 0.25% nitrogen, 
: Dyh containing 1.26 mg water at 80° F 
Etch: dilute HNO, + HF, 


tee relative humidity ). 


Fig. 6 Macrostructures of welds in '/;-in. stock welding 


Pure helium; ett’ 0.25% oxygen, 99.75% helium. 
x 


made in a pure helium atmosphere. Macrostructurally, 
contamination, particularly from oxygen and nitrogen, 
causes the grains in the weld to appear larger and hence 
look more brittle than uncontaminated welds. Welds 
B, C and D, Fig. 4, are illustrative of this condition, 
whereas Weld E (nade in an atmosphere of helium 
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Fig. 7 Impact test behavior with temperature—parent 
metal 


Weld in pure helum atmosphere 


Weld in 0.25% hydrogen atmosphere. 
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Fig. 8 Impact test behavior with temperature—welded 
specimens 


o—— Weld in helium ctmosphere of 5% relotive humidty. 
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Fig. 9 Impact test behavior with temperature—welded 
specimens 
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Table 6—Impact Properties of Specimens Welded in Various Atmospheres 
Impact energy, ft-lb; 


Charpy V-notch . 


- Testing Temperature,° C: —~ 
Welding atmosphere 0 40 80 120 160 
Pure helium 23, 22 26, 28 50, 55 82, 88 73, 82 
0.25% oxygen 9,10 9, 10 18, 22 16, 38, 49 en 
99.75% helium 
0.25% nitrogen 4,4 10, 10.5 14, 14 28, 28 33, 40 
99.75% helium 
0.25% hydrogen 23, 24 9, 18, 28 48, 50 90, 92 84 
99.75% helium 
Helium containing 1.25 mg 13, 17 21, 22 36, 38 72, 82 89, 92 
water/liter at 80° F (5% 
R.H.) 
Parent metal (transverse) 25, 28 37, 50, 70 138, 151 166, 166 160, 173 
Parent metal (longitudinal) 21, 29 29, 36 32, 52 90, 103 102, 176 


containing some moisture) looks more like Weld A, the 
pure helium weld. In the thicker materials, this coarse- 
ness of grain upon contamination occurs in that part of 
the weld covered by the last two or three passes, that is, 
in the '/,-in. stock at the top of the weld (B and C, Fig. 
5) and in the '/2-in. stock at both top and bottom of the 
weld (B, Fig. 6). The bottom of the contaminated 
welds in the !/4-in. material and the center in the !/:-in. 
material representing areas that had been protected 
because of the joint geometry, had an appearance like 
that of the pure helium weld and, as stated before, were 
relatively soft areas. 


Impact Tests 


Table 6 contains the results of Charpy V-notch im- 
pact tests on specimens welded in uncontaminated and 
contaminated atmospheres, as well as those on speci- 
mens of the parent metal (1/2: in. thick) from which the 
In Figs. 7, 8 and 9 these data are 
presented in graphical form, as so-called transition 


welds were made. 


curves. 

From Fig. 7 it is observable that the transverse parent 
metal specimens have higher impact strengths at inter- 
mediate temperatures than do the longitudinal speci- 
mens. This stock was hot rolled from */, to 1/2 in. 
thick, with no subsequent anneal; this resulted in the 
development of preferred orientation and accounts for 
the difference in the two curves. An anneal was not 
deemed necessary, as the primary interest was in the 
impact strength of the welds and not so much in that 
of the parent material. 

Figure 8 shows the transition curves for the welds 
made in atmospheres of pure helium and of helium con- 
taining 0.25°% hydrogen. Both curves are similar, 
illustrating that hydrogen at this concentration had 
little or no effect on the impact properties of the weld. 
Moreover, these curves are very similar to that of the 
longitudinal base metal, except for values at 160° C, 
which were considerably higher for the base metal. In 
general, it appears that welding per se has not alarm- 
ingly lowered impact properties. 

Curves for the remaining welds are shown in Fig. 9. 
The highest is that for the weld made in an atmosphere 
of 5% relative humidity, and this is similar to the 
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curves of Fig. 8. As would be expected, nitrogen and 
oxygen affected the weld impact properties adversely, 
the former more so than the latter. Asa matter of fact, 
except for these two atmospheres, nitrogen-containing 
and oxygen-containing, similarity in impact behavior 
existed among all the welds made. One note of caution 
should be sounded, however: when the impact speci- 
mens were machined, the hardest portions of the weld, 
that is, the top and bottom, were perforce removed, as 
the plate thickness was greater than that of the Charpy 
A study is contemplated that will take this 
Of course, in the case of the nitrogen- 
containing and oxygen-containing atmospheres, it is 


specimen. 
into account. 


merely indicated that even lower contents of these two 
contaminants would be deleterious to weld impact 


strengths. 


Temp., ° C 40 80 120 160 
Charpy impact, 26 52 144 166 166 
ft-lb 


Temp., ° C 0 40 80 120 
Charpy impact, 22 27 52 85 77 
ft-lb 


Temp., ° C 0 40 80 120 160 
Charpy impact, 4 10 4 28 36 
ft-lb 


Fig. 10 Representative fractures of impact test specimens 


(Top) Base metal (transverse); (middle) weld made in atmosphere 
of pure helium; 


99.75% helium. 


(bottom) weld made in atmosphere of 0.25% N:, 
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Repetition of the work with atmospheres containing 
higher amounts of hydrogen and moisture is being 
considered. 

In Fig. 10 can be seen some of the impact test frac- 
tures. The top photograph, that of transverse speci- 
mens of parent metal, reveals ductile behavior over the 
whole range of temperatures. The middle photograph, 
of the weld made in the pure helium atmosphere, shows 
ductile fractures at the higher temperatures. Welds 
made in the nitrogenous atmosphere, as shown in the 
lower photograph, contain brittle impact fractures at 
all test temperatures. 


CONCLUSIONS 


The following conclusions can be drawn from this 
work: 

1. Welds in titanium up to ! 2 in. thick made in an 
atmosphere of pure helium have tensile and bend 
properties comparable to those of the parent metal. 
The lowering of weld impact properties is not any 
greater than one would expect on changing from a 
wrought to a cast structure. 

2. Nitrogen, oxygen and dry air adversely affect the 
properties of titanium welds when their volume per- 
centage (singly) is as low as 0.259% of the welding 
atmosphere. Heavier gages are more sensitive to 
oxygen and nitrogen, as the last weld passes cover a 
large surface. Impact strengths, as well as bend 
properties, are considerably lowered by small volume 
percentages of these contaminants. 


3. Small amounts of hydrogen and moisture in the 
welding atmosphere have little effect on weld properties, 
including impact strength. 


FUTURE WORK 

Further work is to be carried out on this project. 
Small titanium buttons, | in. in diameter and '/, in. 
thick, are being melted in various atmospheres. Hard- 
ness readings will be taken on these melted buttons, 
and they will be analyzed for their contaminant content. 
It is believed that such an approach will allow more 
uniformity than is possible in a regular butt weld. 
Hardness then becomes a measure of percent con- 
taminant in finished welds. Checks will of course be 
made on this procedure by analysis of some of the 
welds. 

In addition to this, analysis of the various gaseous 
mixtures will be obtained, both at the inlet and exhaust 
of the chamber. Welding speeds will be varied, and 
various degrees of protection and atmosphere tur- 
bulence will be tried to observe the effect of these factors. 
Fatigue, corrosion and further impact tests will be used 
to pinpoint the more subtle differences in atmospheres. 
Some alloy work is also contemplated. 
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The Fatigue Strength of Welds 
Made with Low-Hydrogen 
Electrodes 


HE axial tension fatigue strength (zero to maxi- 
mum tension, six million cycles) of butt welds made 
with E6015 electrodes in flat and vertical positions 
was found to be 21,000 psi. For £6020 electrodes 
the fatigue strength was 24,000 psi. The lower fatigue 
strength with 6015 electrodes is related to the rough 
surface of the welds. “It might be advisable, there- 
fore, to refrain from welding the surface layers and 
sealing runs of joints in structures subjected to fatigue 
with low-hydrogen electrodes in so far as these joints 
are not ground flush with the plate after welding. For 
these layers an electrode should be used which pro- 
vides a smoother, notch-free weld surface.” 
The tests were made under the auspices of Committee 


Abstracted by Dr. G. E. Claussen from Report SO-531 of the Netherlands 
Welding Society, entitled “‘ Desprongsterkte van onbewerkte lasverbindingen 
in staal Qme 37 uitgevoerd met basisch beklede electroden,"’ published in 
Lastechniek, 19, 200-209 (October 1953). 
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36 on Welding of the Netherlands Standards Assn. 
Specimens were prepared by Philips Lamp Factory 
in Eindhoven and Willem Smit & Co.’s Transformer 
Factory in Nijmegen, while the fatigue tests were made 
at the Central Laboratory of the State Mines in Geleen 
(60-ton Losenhausen pulsator, 660 cpm) and at the 
Metal Institute in Rijswijk (100-ton Amsler pulsator, 
500 cpm). Both pulsators were hydraulic. 

The welds were made with three low-hydrogen elec- 
trodes sold in the Netherlands. They were of type A5 
of the Netherlands Are Welding Standard V1062. This 
type corresponds with E6015. Welds were made with 
these electrodes in single-vee joints with reverse run 
in plates °/, in. thick in two positions: flat and vertical 
up. The welds were tested as welded. The unma- 
chined weld was perpendicular to the axis of stress and 
in the middle of a parallel section 1°/, in. wide, 6'/, in. 
long. Five specimens were tested for each electrode 
in each position. 

The results showed that there were no differences 
in fatigue strength among the three electrodes or the 
two positions. All fatigue failures started at the junc- 
tion of weld with plate, and spread principally through 
plate metal. Hardness surveys showed that the weld 
metal was 172 to 173 Vickers, the plate was 145 to 152 
Vickers and the heat-affected zone was 180 to 184 
Vickers. 
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Discussion by R. W. Vanderbeck and 


W. T. Lankford 


The authors state that the transition temperature of 
a steel is affected by the variable p as shown in the 
graphs of Figs. 9 through 11. 
however, whether the same kind of transition tempera- 


It is not quite clear, 


ture is being measured in all cases for the various size 
specimens. Energy absorption is stated to be the eri- 
terion for selecting the transition, but both ductility 
and fracture transitions may be selected on the basis of 
changes in energy absorption, and in the past some un- 
fair comparisons have been made because ductility 
transitions for one type of specimen were compared 
with fracture transitions for another.'~8 

It would therefore be of value to know more about 
the tests conducted on the smaller specimens and to see 
plotted data for the energy-temperature relationships 
that were obtained. Most of such tests were appar- 
ently conducted at the University of Illinois according 
to the references, and presumably the results have not 
Of course, the data obtained for 
the internally notched wide-plate specimens have re- 
ceived much attention and are quite familiar. 

The data for Steel F in Fig. 10 may be used to illus- 
trate the reason for raising the question of transition- 


so far been published. 


temperature selection. The transition temperatures 
for the specimens having a p value less than approxi- 
mately 0.01 range from 80 to 100° F. 
transition temperatures are presumably for the inter- 
nally notched wide-plate tests, which were from 12 to 
72 in. wide. 
transition temperatures should be called fracture tran- 
sition temperatures since considerable ductility was 


Some of these 


Moreover, it has been indicated that these 


still in evidence at the base of the notch even when 
the remaining areas of the specimens failed in cleav- 
age.* It is generally recognized that the fracture tran- 
sition temperature is little affected by a change in spec- 
imen size or in notch acuity, and these data bear out 


this observation. In fact, much smaller specimens, 
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Discussion 


Brittle Strength and Transition Temperature 


Brittle Transition Temperature 


such as the Navy tear-test specimen and the Penn 
State Schnadt-type notch-bend specimen, also show 
similar fracture transition temperatures for this same 
steel. 

It is therefore surprising to find transition tempera- 
tures of less than —40° F for Steel E when p is greater 
than about 0.01. One immediately wonders whether 
the ductility transition temperature was not inadver- 
tently used in these evaluations, which presumably are 
for smaller specimens (Type A) with less sharp notches. 
The ductility transition temperature is greatly affected 
by specimen and notch geometry and by strain rate, 
and such low ductility transition temperatures for this 
steel would be entirely possible with certain types of 
tests. 

Presentation of actual data (for the transition tem- 
peratures below —40° F for Steel E, for example) 
should certainly clarify this particular point. 

Some clarification of the significance of the term 
“brittle strength” as employed by the authors would 
also be appreciated. As stated previously, even the 
wide-plate specimens that broke with essentially cleav- 
age fractures showed considerable ductility near the 
notch. Varying amounts of plastic deformation prior 
to fracture in different types of specimens could con- 
ceivably affect the values of the so-called brittle 
strengths reported in the paper. This problem would 
be exaggerated if different interpretations of transition 
temperature were applied to the different types of tests. 
Another problem associated with plastic flow in the 
immediate vicinity of a notch is the effect that such 
flow may have on the effective stress-concentration fac- 
tor. Any appreciable plastic deformation at the root 
of the notch will result in deviation from the theoretical 
factors based on elastic behavior. The writers would 
further inquire as to the procedure used in applying the 
method of Neuber to the determination of theoretical 
stress-concentration factors in the specimens with saw 
cuts. 

The factor p may possibly prove to be a useful basis 
for comparison of different tests and for selecting speci- 
men geometries that might be expected to provide ¢ 
closer approximation to conditions. Until 
the question of mixed criteria of transition temperatures 
is answered, however, the significance of the factor p 


service 


129-s 


3 
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cannot be judged even for the range of specimen geom- 
etries considered in the authors’ analysis. In approach- 
ing this type of problem, application of a purely geo- 
metrical factor can only be made in the light of very 
careful scrutiny of the details of the material behavior 
in various types of tests. 
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Discussion by R. A. Hechtman 


The authors are to be congratulated for their fresh 
approach to the subject of brittle strength and transi- 
tion temperature of structural steels. In the writer’s 
opinion we have not even begun to give an adequate 
explanation of these phenomena. Therefore any sug- 
gestions of new parameters or new methods of analysis 
applicable to experimental data in this important field 
are a significant contribution. 

The writer feels that the results of this analysis may 
be misinterpreted if the term “‘transition temperature”’ 
as used in this paper is not more closely defined. As 
used by the authors, this term apparently is meant to 
refer to the fracture transition temperature as distinct 
from the ductility transition temperature. The notch 
radius was comparatively sharp in most of the speci- 
mens whose data were analyzed, and for these the two 
transition temperatures fell within a very small tem- 
perature range and tended to appear as one transition. 

However, in the case of the remaining specimens, 
those with relatively less severe notch radii, the ductility 
transition temperature is of extreme importance. 
Indeed, it is the writer’s opinion that the explanation 
of Fig. 12 which indicates an upper critical value of p 
may be clearly linked to the ductility transition tem- 
perature. 

The writer has not attempted the laborious task of 
relating the plotted points in Figs. 9-11 to their re- 
spective types of fracture, but would recommend such 
a study as helpful in clarifying this point. However, 
he remembers that these specimens displayed both 
modes of transition temperature. It is characteristic 
of the specimens with the less severe stress-raisers 
that the entire transition temperature range from com- 
plete ductility to complete brittleness is of consider- 
able length as contrasted to the rather short transition 
range for specimens with more severe notches. More- 
over, although there is little pertinent data to draw 
upon, there is some indication that as the notch severity 
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lessens it approaches a somewhat distinct threshold 
value at which the existance of a separate ductility 
transition temperature in addition to the fracture 
transition becomes apparent. Beyond this point 
the entire transition temperature range rather suddenly 
increases in length, and the temperature for complete 
brittleness decreases rapidly. It is the writer’s opinion 
that the critical value of p in Fig. 12 is this threshold 
value of the notch severity, and therein lies the ex- 
planation of the sudden change of behavior noted in 
this figure. 

In view of these remarks, the authors’ recommenda- 
tion as to the choice of the proper value of p would 
then resolve itself into the selection of small specimens 
which, first, would develop the same transition tempera- 
ture characteristics as the large specimens and, second, 
whose ratio p would give the desired correlation as to 
temperature. The use of these two criteria may make 
this type of analysis applicable to a wider range of 
notch severities. 

One type of test result which would appear difficult 
to reconcile with the data in this paper is the case where 
cleavage fractures occur with an energy absorption 
equal to, or even greater than, that for an identical 
specimen with a shear fracture. Such test results were 
reported by D. Vasarhelyi and R. A. Hechtman.' 
The writer ventures no explanation of such a_phe- 
nomenon at this time. However, it is recommended 
that the authors proceed cautiously in the application 
of their hypothesis, because some tests may fall outside 
its scope. 

A parallel argument may be used in discussing the 
values of the brittle strength reported in the paper. 
The greater scatter of the plotted points in Figs. 2-6 
for the maximum value of p may have occurred be- 
cause the testing temperatures of these specimens may 
not have been below the ductility transition tempera- 
ture range. 

The ratio of the specimen width to thickness was 
small in the case of some of the rectangular specimens. 
Possibly, the application of eq 5 to obtain a modified 
strength for these specimens is advisable. 

It may be interesting to point out that a similar 
relation exists as reported by D. Vasarhelyi and R. A. 
Hechtman,? who used a parameter for notch sharp- 
ness which is equivalent to the authors’ p. This rela- 
tion was established for the tests in References 1, 2 and 
4 of this paper. 

The writer wishes the authors every encouragement 
in the continuance of this research and hopes that the 
proposed hypotheses will be applied to a wide variety 
of notch severities and types of small specimen tests. 
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Discussion by A. B. Bagsar 


The authors are to be congratulated for attempting 
to correlate the test results obtained by various types 
of test specimens, including those obtained by the 
wide plate tests made for the U. 8S. Navy, and for at- 
tempting to express the effects of some of the variables 
by a mathematical formula. 

In the formula which the authors have suggested, 
the ratio of notch radius to the net cross-sectional area 
of the test specimen is claimed to be related to the brit- 
tle strength. This suggestion of the authors appears 
plausible since in analyzing complex phenomena it has 
been customary and possible in some cases to express 
test results by ratios of two or more variables, especially 
if the effects of individual variables are difficult to 
evaluate. 

In a recent paper test results are presented by the 
writer* showing the effect of cross-sectional area of the 
test specimen on breaking strength, also effect of notch 
radius variations on breaking strength, in which cleav- 
age-tear test type of specimens were used. According 
to these test data, the nominal breaking stress is re- 
lated to the notch radius in accordance with the follow- 
ing formula: 


S = KR* (1) 


where S is the nominal breaking stress, R is the notch 
root radius, and K and n are constants. 

The authors state that investigation of their data 
showed eq | to be valid and the value of n to be 0.115. 
The writer’s data show n to be equal to 0.113. This isa 
very close agreement, especially if the diversity of the 
test specimens and test methods used by the writer 
and the authors is taken into consideration. This 
observation as well as the test data of the writer indi- 
‘ate that eq 1 is valid from the brittle range to the plas- 
tic range of fractures, and that for this reason the value 
of n is independent of the test specimen geometry, 
within the limits of the test specimen types used. 

The authors also state that eq 1 likewise expresses the 
effect of specimen size on brittle strengths if the re- 
ciprocal of the net cross-sectional area, 1/A, is sub- 
stituted for the notch root radius, R, in this equation. 
This yields the following equation: 

S = K(1/A)" (2) 

According to the authors, the value of the exponent n 
in eq 2 is approximately the same as that in eq 1. 
By expressing the ratio R/A by the symbol p, the 
authors combine eqs 1 and 2 with each other and ob- 
tain eq 3: 


Kp" Kp! (3) 


Equation 3 is claimed by the authors io hold through- 
out the entire range of the tests investigated after 
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correction is made for the difference in the stress con- 
centration factors involved in the various types of test 
specimens considered, the evaluation of the stress 
concentration factors being made by the method of 
Neuber. This indicates that the authors have been 
very successful in evaluating the degree of stress con- 
centration at notches in test specimens of different 
geometries, by the method mentioned. 

The test data of the writer* show, however, that the 
effect of test specimen size on breaking strength can 
be expressed fairly well, without making corrections 
for stress concentration factors, by the following equa- 
tion: 


S = K(C — 1/A%) (4) 


in which S is the breaking strength, A is the cross- 
sectional area of the test specimen and K, C and n 
are constants. The data from which eq 4 was derived 
were obtained by the use of cleavage-tear test speci- 
mens,* although for convenience of presentation of the 
entire data involved, the effects represented by eq 4 
were expressed in another form in the writer’s paper 
cited. 

It is obvious that the value of n in eq 4 is not the 
same as that in eq |. It is also obvious from eq 4 that 
as the value of the cross-sectional area, A, is increased 
the numerical value of the expression 1/A" approaches 
zero, that is, the unit breaking strength becomes in- 
dependent of the cross-sectional area of the test speci- 
men. In Type-D cleavage-tear test specimens used 
by the writer, this optimum value of A is 6 sq in. 
for a notch of 45 deg with a depth of 4/;5 in. and root 
radius of 0.0015 in. It appears that with this geometry 
sufficient triaxiality is created at the notch so that fur- 
ther increase in the cross-sectional area below the notch 
produces no change in the breaking strength. 

In structures in actual service, the presence of weld 
undercuts or small cracks and the rigidity of certain 
structural members introduce conditions of triaxiality 
at least equal to, if not more severe than, those created 
by the notch test specimen used by the writer and dis- 
cussed in the preceding paragraph. Therefore, it 
appears that only a very narrow range of R/A values 
covers the fields in which cleavage cracks are initiated. 
On this basis the authors’ work presented in this paper 
has a more theoretical than practical significance. 
Nevertheless, the paper represents a valuable contri- 
bution to the subject. 

* ‘Development of Cleavage Fractures in Mild Steel,"’ Trans. ASME, 


751-809 (October 1948); also, Tae Wetpina JoukNaL, 27 (3), Research 
Suppl., 97-s to 123-s (1948) 


Discussion by D. Rosenthal 


There is unquestionably merit in any attempt which 
tends to unify diverse experimental data in one single 
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formula by means of an appropriate parameter. On 
this account the work carried out by Messrs. Hoeltje 
and Newmark is most gratifying. 

Especially noteworthy is the fact that the size effect 
is no longer necessary to account for the different be- 
havior of small and large specimens. As much as that 
was intimated earlier by Rosenthal and Mitchell,! 
but their data were too meager to give more than an 
indication. Incidentally, their results, although limited 
in scope, fit the formula for brittle strength derived 
by the authors reasonably well. In commenting on 
their own results, Rosenthal and Mitchell offered 
an explanation for the observed decrease of the average 
stress, which the authors call brittle strength. In 
their opinion it was due to the fact that the normal 
stress near the notch reached a critical value for frac- 
ture sooner than at other points of the notched section. 
They suggested that the factor responsible for this 
effect was the triaxial state of stress induced by two 
notch parameters: 

1. The ratio ¢r of specimen thickness to notch 

radius. 

2. The ratio pw of notch depth to section width. 
However, the effect of the latter factor is to some 
extent counterbalanced by that of a steeper stress 
gradient in shallow notched specimen, a circumstance 
which may account for the success of the authors’ param- 
eter r tw in which p is absent. 

The authors are quite right in cautioning against the 
use of their formula beyond the limits of experimental 
data. On the basis of results of notch-bend tests it 
would appear that an upper limit will be reached 
regardless of width, if the ratio rt is increased beyond a 
certain value. This is merely an inference from the 
trend of the transition temperature, which did tend to a 
constant lower limit, as r/¢ was increased, but it is 
logical to expect a similar trend for the brittle strength. 

In regard to the lower limit of the ratio r/tw the infer- 
ence is not as clear. To be sure the transition tempera- 
ture also tended to an upper limit, but the latter de- 
pended on the type of notch. In fact, the trend was the 
one surmised by the authors in their Fig. 12. Because 
of this circumstance it does not appear possible to 
relate the upper limit of the transition temperature to a 
definite value of the brittle strength. 

In so far as simulation of service behavior by means 
of small specimens is concerned, one more factor should 
be mentioned which could make the desired matching of 
transition temperature and brittle strength more easy. 
This factor is the eccentric loading of notched speci- 
mens. The influence of eccentric loading on brittle 
strength has been demonstrated previously.* Its 
influence on the transition temperature can be anti- 
cipated on the ground that any factor contributing to 
the increase of stress gradient is likely to influence the 
triaxiality near the notch. 
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Discussion by R. Raring 


The effects of specimen geometry on the brittle 
strength and transition temperature of mild steel are 
important in their implications and confused in their 
interpretations. Novel ideas on the subject, such as 
those offered by the authors, therefore deserve especially 
careful study. 
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Fig. | Variation of transition temperature with p for 
mild steel (from Armstrong and Gagnebin) 


The hypothesis, suggested by the authors, that there 
exists a critical (for transition temperature) value of 
p can be tested, for small specimens, by drawing on the 
wealth of data in the literature dealing with the effect 
of notch acuity on transition temperature. For ex- 
ample, in Fig. 1 of this discussion, the data of Arm- 
strong and Gagnebin' on the effect of notch acuity on 
the transition temperature of normalized 0.15% C 
steel as determined by notch-bend impact tests are 
replotted to show how transition temperature varies 
with p. There appears to be no critical value of p 
in this plot over a wide range of values of p. But the 
value of p goes down only to 0.072, which is in the range 
of, or slightly above, the critical values of p indicated 
in Figs. 9-11 of the paper. However, Zeno and Low? 
compared the transition temperatures of V-notch 
Charpy specimens with normal root radius (0.010 in.) 
and similar specimens with a fatigue crack at the notch 
root, which would indicate a p value of 0.08 and nearly 
zero, respectively, and found that the transition tem- 
perature of the cracked specimen was only 10 to 15° 
F higher than that of the standard specimen. These 
results suggests that the curve of Fig. 1 of this dis- 
cussion might stop rising if specimens with lower p 
values were tested, in keeping with the hypothesis. 
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It has been reported many times, for example in 
Reference 3, that at temperatures below the transition 
temperature, as commonly defined, small shear cracks 
often develop in the notch root long before the specimen 
breaks. This has been observed in both large and 
small specimens. When such cracks oceur, it would 
seem that the value of p as determined by the radius of 
the machined notch would no longer be a realistic 
value. The opinions of the authors on this point would 
be welcome. 
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Authors’ Reply 


The authors are grateful for the response to the paper. 
They wish to thank the discussers for their comments 
and suggestions. 

Before attempting to answer in detail the questions 
raised by the diseussers, we should like to point out 
again that the paper presents a purely empirical rela- 
tionship between the variable p, the ratio of the radius 
at the root of the notch to the net cross-sectional area 
of the specimen, and either the average stress on the 
net section at low energy fractures or the transition 
temperature. Other relations have been discussed in 
the literature. However, the authors were struck by 
the fact that this single variable seemed to play such an 
important role. Apparently, several of the discussers 
have noted this fact independently. 

In Figs. 9 through 11 of the paper, the transition 
temperature used is that which corresponds to the mid- 
point of the curve of the energy absorption versus 
temperature. Drs. Vanderbeck and Lankford, and 
Dr. Hechtman, quite properly question the choice of 
definition of transition temperature and point out that 
two different types of transition temperature may be 
obtained by this definition. However, it appears from 
Figs. 9 through 11, that if two types of transition are 
involved, the variable p may indeed give the criterion 
as to whether the “fracture” transition or the ‘“due- 
tility”’ transition will be obtained in a particular speci- 
men. 

In Figs. 1 through 8, the quantity defined as ‘‘brittle 
strength” is the average stress at the cross section of 
fracture, in only those specimens where failures occurred 
below the transition temperature as defined in the paper. 

The discussion by Mr. Raring is most interesting in 
its indication of a verification of the relations suggested 


by the authors for an additional type of specimen, 
subjected to notch-bend impact. In any case, whether 
or not there is a critical value of p below which the 
transition temperature remains unchanged, one can 
readily observe from the data presented in Fig. 1 of 
Raring’s discussion that there is definitely a relation 
between transition temperature and the variable p. 

The question is raised by Mr. Raring as to the 
significance of the variable when small cracks develop 
in the root of the notch before the specimen breaks. 
There is certainly a difference between the situation 
at the root of the notch, at a crack which forms during 
the testing of the specimen, and at an equally sharp 
notch machined in the specimen before test. When the 
crack occurs during the test, the state of stress is 
different from that at the same sharpness of notch 
originally machined in the specimen, because of residual 
stresses and because of cold working of the material. 
In any case, the correlation between the various quanti- 
ties appears to depend upon the initial notch radius. 

The comments raised by Vanderbeck and Lankford 
with regard to the significance of the definitions are 
important. However, there are not enough data to 
answer some of the questions which these discussers 
raise. The authors are somewhat reluctant to claim 
that the theoretical stress concentration factor has any 
significance. It turned out that in the specimens for 
which data were obtainable, the data could be corre- 
lated by means of the theoretical stress concentration 
factor in the elastic range. This may be entirely for- 
tuitous. One suspects this is the case because of the 
necessity for using an equivalent radius equal to the 
width of the saw-cut in specimens with saw-cut stress 
raisers. 

The discussion by Dr. Rosenthal indicates a possible 
explanation as to why the parameter p appears to be 
significant in the tests studied in the paper. It ap- 
pears that, to some extent at least, Dr. Rosenthal’s 
test results indicate also a relationship between average 
strength at fracture and a parameter similar to op. 
The authors are not clear as to how to interpret the 
results of tests with eccentric loading in comparison 
with the tests quoted in the paper. That there is a 
relationship seems to be fairly clear from the discussions 
by Dr. Rosenthal and Dr. Bagsar. However, there 
appear also to be some important differences be- 
tween the two types of tests. The authors have not 
attempted to express their results in terms of Dr. 
Bagsar’s empirical eq 4. It may well be that no single 
type of equation will represent consistently the data 
from a wide variety of specimen shapes. 

The authors again wish to thank all of their dis- 
cussers for their interesting comments and _ helpful 
suggestions. 
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Mild Steel 


Fatigue Tests Spot Welds Cor-Ten and 


§ Fatigue Tests and distribution of stresses in multiple Cor-Ten and 


by Georges Welter and André Choquet 


INTRODUCTION 


HIS investigation* deals with multiple resistance- 

welded high-resistant Cor-Ten Steel of 0.042 in. 

and mild steel of 0.037 in. thickness. Mainly the 

fatigue properties under repeated pull-pull loads in 
function of the number of cycles have been studied for 
both grades of steel. Furthermore, total and perma- 
nent microdeformations under increasing loads have 
been investigated and the results correlated with those 
of the endurance tests. Each material has been tested 
in the as-received condition and after hydrostatic com- 
pression treatment as described in previous works." * ® 
In a previous report, entitled “Stress Distribution and 
Fatigue Resistance of Alclad 24ST Multiple Spot 
Welds,” dated November 1951, excerpts of which have 
been published, THe Wetpinc JourNAL, (February 
1954) the testing technique used for this work has been 
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Mild-Steel spot-welded sheets with and without hydrostatic treatment 


explained for static as well as for fatigue testing. The 
latter was carried out on two special pulsators, Nos. | 
and 2, and checked on a Krouse direct repeated stress 
twin machine with a maximum capacity of 5000 lb. For 
each test a new specimen was used and the fatigue limit 
accepted at a load supported over ten million times. 
Huggenberger precision tensometers with '/:-in. gage 
length were used, having an average amplification ac- 
cording to each individual instrument of 1000 to 2000 
times. One leg of these instruments has been placed 
on the center of the spot, and the second one reached 
through a hole provided in the cover plate on the inner 
surface of the second sheet. 


SPECIMENS USEDT 
In Table 1 are shown the welding conditions as well 
as the chemical composition for these high-resistant 
low-alloy “Cor-Ten” high-strength steel and the mild 
steel specimens. Spot arrangements and dimensions for 
these two materials are reproduced in Figs. 1 and 1A 
for these two types of steel. These specimens showed 


} + All samples have been supplied by the Pullman-Standard Car Co., 
Chicago, for which we express our very best thanks. 


Table 1—Fabrication Characteristics of Material As Received 
Joints welded by Pullman Standard Car Co. (Chicago) 


| Cor-ten Mild-steel 
es Thickness of sheets, in. 0.042 0.037 
Diameter of electrode, in. 
Diameter of type of electrode, in. 
Radius of the sphere, in. 1'/2 
4 Pressure time before welding, cycles 30 30 
¢ Pressure of electrode, |b 1,200 800 
i, Time during welding, cycles 11 10 
f Holding time after welding, cycles 30 30 
Diameter of spot, in. 15/64 15/64 
a Apparent diameter of spot, in. 5/5 5/, 
Shear Strength Test 
3 Specimen Load, lb Tupe of rupture Load, Ib Type of rupture 
q One-spot 2300 In spot 1400 In spot 
4 Two-spot horizontal 3300 In spot 2400 In spot 
Two-spot vertical 3300 In spot 2400 In spot 
gt Three-spot 4400 In sheet 2400 In sheet 
Four-spot 4400 In sheet 2700 In sheet 
Five-spot 4400 In sheet 2700 In sheet 
Chemical composition, %, Cor-Ten 
Mn S Si Cu Cr Ni 
Nominal 0.12 0.20 0.07 0.05 0.25 0.25 0.50 0.65 
0.15 max 0.75 0.55 1.25 max 


0.33 


0.026 0.50 


0.086 


As-is 
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before testing fairly deep impressions of the electrodes 
in the sheet due to the compression load of the elec- 
trodes. 


FATIGUE TEST RESULTS 
For these two materials we are first dealing with the 
results of low-alloy high-strength steel Cor-Ten. They 
will be explained in more details for this material, so 
that the results, static as well as dynamic, of mild steel 
will consist mainly in fatigue diagrams and curves 


= 3” 


Fig. 1 HR steel, dimensions of samples, plate thickness = 
0.042 in. 


Marcu 1954 


6 
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Spot weld diameter: 5/8". 4 

Fig. 14 Mild steel, thickness: 0.037 in., dimensions of q 
spot-welded plates 

showing the recorded microdeformations, total as well g 
as permanent in relation to the applied loads. The a 
results obtained with these materials are discussed at ; 
the end of each paragraph. 2 


High-Resistant Cor-Ten Steel, 0.042 in. thickness 


For one-spot-welded samples of steel and light alloys 
the fatigue limit at ten million cycles is fairly low. 
With a load of about 400 Ib, this limit is only about 
20% of the maximum shearing load which, according 
to Table 2, is about 2000 to 2200 lb. For a load of 


Table 2—Fatigue Load of Cor-Ten Joints 


After hydro- 

—As-received—— —static treatment-—— 

Fatigue Fatigue Fatigue Fatigue 

Number of load load load load ¥ 
spots per joint perspot per joint pers rt 

1 400 400 1200 1200 as 
2 (horizontal) 600 300 1200 6C & 
2 (vertical) 400 200 1000 
3 400 133 1200 400 F 
800 200 1200 300 
5 800 160 1200 240 ; bs 
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CRACK 


HEAT APFECTE® 
ZONE 


Fig. 2 Probable stress distribution around a one-spot specimen 


600 Ib, the number of cycles is reduced to a few hun- 
dred thousand cycles and at 900 lb, to less than 100,000 
cycles. The one-spot specimens showed a fatigue crack 
of the typical shape as shown in Fig. 2. In this figure 
are also represented schematically the eccentric loading 
of the specimen as well as the probable distribution of 
stresses around a single spot. 

Much higher fatigue results have been obtained with 
hydrostatically treated Cor-Ten specimens. After a 
compression of the spot under a load of 15,000 Ib, the 
fatigue limit at ten million cycles has been brought up 
to 1200 lb compared to the untreated specimens showing 
2 limit of only 400 lb (Fig. 3). The improvement by 
hydrostatic compression is in this case 200%. 

For multiple-spot welds, according to Figs. 4 to 8, 
similar improvements have been found which decrease, 
however, with the number of spots. For two spots in 
vertical arrangement, according to Fig. 4, there is an 


On PLL SATOR 


x AS RECEIVED 
@ NYDROSTATICALLY COMPRESSED 


19 NUMBER OF PULSATIONS 49 


HAR steel, plate thickness = 0.042 in., fatigue test 


Welter, Choquet—Fatigue Spot Welds 


improvement of about 150°, while for five-spot 
sample, according to Fig. 8, there seems to be only a 
50° improvement of the load at the endurance limit. 

Assuming that the applied cyclic load is equally di- 
vided among all spots, diagrams of loads in pounds per 
spot in function of the number of cycles, have been 
traced and are represented in Fig. 9 for untreated speci- 
mens. 

It can be seen that with an increasing number of 
spots, the fatigue load at ten million cycles decreases 
and for 3-, 4- and 5-spot specimens, the load is lower 
than half that of a one-spot sample. Similar results 
have been obtained for hydrostatically treated speci- 
mens. Furthermore, if we consider the relation be- 
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Fig. 4 HR steel, plate thickness = 0.042 in., fatigue test 
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tween the fatigue resistance and the number of spots 
for loads applied repeatedly between 800 to 1200 lb, we 
note that, according to Fig. 10, we obtained a direct 
proportionality between these two factors. 

The ten million cycles fatigue limit of Cor-Ten joints 
with | to 5 spots in the as-received condition is of the 
order of about 12 to 18°] of the ultimate shearing load. 
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Fig. 5 HR steel, plate thickness = 0.042 in., fatigue test 
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Fig. 6 HR steel, plate thickness = 0.0, fatigue test 
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After hydrostatic treatment of the joints an improve- 
ment of the fatigue limit of about 50 to 200°; has been 
found. On a load-per-spot basis, the fatigue limit 
decreases with the number of spots per joint; this load 
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HR steel, plate thickness = 0.042 in., fatigue test 
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Fig. 8 HR steel, plate thickness = 0.042 in., fatigue test 
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for a one-spot specimen is about twice that of a 3-, 4- 
and 5-spot specimens. 


Mild Steel, 0.037 in. Thickness 


These tests have been carried out, as for Cor-Ten ma- 
terial on pulsators Nos. | and 2° and the results are re- 
produced in Figs. 11 to 16 for untreated and for hydro- 
statically treated specimens. 


NUMBER OF 
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4 of 
» 
y 
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2 
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Fig. 10 HR steel, dynamic resistance vs. number of spots 
under same 


138-s 


Welter, Choquet—Fatigue Spot Welds 


1 SPOT. 

1200 Hydrostatically compressed. 

@ 15001D 4"tip- 
as received 
1100 |__ Pulsator No 2. — 
1000 @@ 
900 | 
600 
ee — 

los 


100,200 lu 
No of cycles. 


Fig. 11 Fatigue test, mild steel, 0.037 in. 


It can be seen that the mild steel specimens with a 
higher number of spots, having a somewhat smaller 
thickness, support about the same fatigue loads and a 
comparable number of cycles to the Cor-Ten material. 
It is surprising that for 1 and 2 spots the mild steel 
specimens support somewhat higher loads and a greater 
number of cycles than the thicker Cor-Ten material. 
The fatigue loads vary from 650 Ib for one-spot speci- 
mens to 900 Ib for quintuple specimens. It results 
further from these tests that the scatter of the number 
of cycles at a given load is fairly high and surpasses 
that of the Cor-Ten material appreciably. 


1300 | Load, 1b. 2 SPOTS Horizontal. 
Hydrostaticall compressed. 
A 15000 1b 
| As received: 
_ A Pulsator No 2. 
| 
1100 |_ 
\ 
1900 
— 
900 
800 | — 
29 
iu 


L Lit) 4 


100M 


Wo of cycles. 


Fig. 12 Fatigue test, mild steel, 0.037 in. 
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The results obtained with hydrostatically com- 
pressed mild steel specimens are irregular and rather con- 
fusing. They show scattered results which are some- 
time of the same order as those for untreated samples. 
Multiple mild steel spot welds show an improvement 
which in any case reaches, at the ten million limit, more 
than 20° to a maximum of 50%. 


Hydrostaticell 
15000 1b 


compressed. 
© tip. 


AS received. oc 


Pulsator No 2. 


of cycles. 


Mild steel, 0.037 in., 2 spots vertical, fatigue test 


Rydrostatically compressed. 
15000 1b tip. 


As received.c 


Pulsator Mo 1. 


ls 10M 100m 
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Fig. 14 Fatigue test, mild steel, 0.037 in. 
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This rather poor improvement of mild steel speci- 
mens by hydrostatic treatment, contrary to Cor-Ten 
steel, might be explained by the fundamental differ- 
ence of these two materials, concerning their mechani- 
cal properties. Mild steel shows the very pronounced 
characteristic yielding with upper and lower yield 
points. It would seem that this plastic flow of the ma- 
terial is not inhibited by the hydrostatic compression 


—-{ 


Rydrostatically compressed. 
A 15000 1b tip. 


As received. a 


Pulsator No l. 


— 


10M 199M 


No of cycles. 


Fig. 15 Fatigue test, mild steel, 0.037 in., 4 spots 
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Fig. 16 Fatigue test, mild steel, 0.037 in. 
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process. A cold working far above the original yield 
point seems not to be possible even under the very high 
pressures of about 200,000 psi applied on the area of the 
spots. This assumption should, however, be checked by 
additional tests which are difficult to carry out. 


FINDINGS 
High Resistant Cor-Ten Steel Material 


Based on extended experimental work consisting in a 
study of the elastic and microplastic deformation in 
and around the spots on welded high-resistant Cor-Ten 
and mild steel joints and fully described in laboratory 
reports, the following findings have been made. 

(a) A new method has been developed to measure 
total and permanent microdeformations on statically 
loaded overlapped joints. Tensometer measurements 
taken in ten thousandths of an inch per inch in the 
axes and from the center of the spot on the inner sur- 
face of 1 to 5 spot-welded joints under increasing loads 
show the following fairly consistent results: The one- 
spot specimen shows at a load of 1000 Ib, total deforma- 
tions of 4 to 5 ten thousandths of an inch per inch, 
and at zero load about half of this amount. With an 
increasing number of spots, these microdeformations 
decrease and are, for the middle spot of the quintuple 
arrangements, the lowest measured. With this method 
we have the opportunity to take under static loads, cor- 
responding to the fatigue limit, consistent tensometer 
readings. 

(b) Check tests with Huggenberger tensometers on 
plain Cor-Ten material confirm the results found on 
spot-welded joints; the right modulus of elasticity and 
the gradually increasing total and permanent deforma- 
tions found under increasing loads stand for the relia- 
bility of this method. 

(c) It is of interest to note that hydrostatically com- 
pressed specimens, contrary to what could be expected, 
show, according to this method, at their respective fa- 
tigue limit higher total and permanent deformations 
than welds in the as-received condition. The individual 
results are also fairly consistent and are higher than 
those for untreated welds. 

(d) The origin of permanent deformation, as trace- 
able in usual tensile load-deformation diagrams of 
spot-welded specimens are of the order of about 60°% 
of the ultimate shearing load while the pull-pull fa- 
tigue load is only about 15 to 22% of the load indicating 
the beginning of permanent deformations in the spots 
in this type of diagram, or about 12 to 18° of the max- 
imum shearing load. 

(e) The study of the relations between the fatigue 
load of Cor-Ten joints and their total and permanent 
microdeformations in ten thousandths of an inch per 
inch measured on spot-welded specimens submitted to 
tests brings out very interesting results far below the 
fatigue limit of the welded joints. Microdeformations 
of an average of 10.5 to 16 ten thousandths of an inch per 
inch have been recorded on six different types of spot- 
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welded joints of Cor-Ten material at a load correspond- 
ing to the fatigue limit while under zero load permanent 
deformations of an average of 1 to 3 ten thousandths of 
an inch per inch have been found. 


Mild Steel Material 


(a) Fatigue tests carried out with mild steel speci- 
mens show that 1 to 5 spot specimens support a some- 
what greater load than the Cor-Ten specimens; the 
scatter of the individual results is, however, fairly high 
for the specimens in the as-received condition as well 
as after hydrostatic treatment. The characteristically 
very pronounced yielding of this material is not inhibi- 
ted in specimens which have been hydrostatically com- 
pressed. 

(b) Microdeformations of 1 to 5 spot-welded mild 
steel samples carried out at the fatigue limit of the 
joints are with 45 ten thousandths of an inch per inch 
for the total deformations, the highest measured on any 
joint. This is also true for the permanent deformations 
which are about half of the total ones. They are about 
seven to eight times higher than those of the Cor-Ten 
material. Here also the middle spot of quintuple joints 
has extremely low values for total and permanent de- 
formations carrying effectively a very small load. 

(ec) A survey of all microdeformations, total as well 
as permanent, as shown in diagram form, indicates that 
most of the materials have, at a load corresponding to 
the fatigue limit, total microdeformations varying be- 
tween 5 and 25 ten thousandths of an inch per inch, 
except for the one spot specimen with over 45 ten thou- 
sandths of an inch per inch, while the permanent de- 
formations are in general very low (less than 0.0005 in. 
per inch). Here also mild steel makes an exception 
showing zero to 0.0003 in. per inch for 2 to 5 spots and 
0.002 to 0.0024 in. per inch for the one-spot specimen. 
Furthermore, hydrostatically compressed Duralumin 
24S8t Alclad and stainless steel 18-8 specimens show 
much higher microdeformations than specimens in the 
as-received condition.” 

(d) By an attempt to calculate the area of the effec- 
tive cross section involved in the static loading process 
as well as cyclic loading in three different ways. fairly 
acceptable values have been found. 
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» Weld reinforcement has a tendency to raise transition temperature of a 


by Carl E. Hartbower 


Abstract 

Mild steel weldments joined with E6010 and £12016 elec- 
trodes have been subjected to balanced biaxial loading over a 
range of testing temperatures. The tendency to fracture was 
compared with and without weld reinforcement. In contradic- 
tion to the general belief that weld reinforcement is beneficial by 
virtue of the greater cross section provided, it was found that 
the tendency to produce brittle fractures was decidedly lessened 
when the welds were ground flush than when weld reinforcement 
was left intact. A rise in transition temperature of approxi- 
mately 80° F resulted from the presence of the reinforcement. 
Thus, removal of weld reinforcement appears desirable, at least 
in critical locations known to be subject to severe loading. 


Introduction 


SEMIWORKS-seale, structural test of butt-welded 
joints featuring simple geometry and controlled 
loading has been developed at the Naval Research 
Laboratory by extension of established hydraulic 

bulge-testing techniques. The bulging of plate up to 1 
in. in thickness is accomplished by means of an air 
blast produced by the detonation of an explosive (Fig. 
1). The explosive is used only as an expedient method 
for obtaining the large force necessary to bulge thick 
plate (Fig. 2). The objective of bulging full thicknesses 
of welded plate is to provide a semiworks-scale struc- 
tural test incorporating uniform and controlled loading 
of weld, heat-affected zone and parent plate, and thereby 
determine the factors controlling weldment perform- 
ance. 

A study of the plastic deformation characteristics of 
various weld and base metal combinations was _ re- 
ported previously.!. It was demonstrated that the 
stress and strain states imposed by the loading condi- 
tions are not always accepted as such by the weld 
joint; depending on the relative flow strength of weld 


Carl E. Hartbower is Chief of the Welding Section, Watertown Arsenal 
Laboratory, Watertown, Mass. 
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weldment and its removal in critical areas may sometimes be desirable 
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and base metals, a system of stress and strain entirely 
foreign to the remainder of the structure may be devel- 
oped in the weld and near-weld regions. A study of the 
fracture characteristics of various weld and base metal 
combinations indicated a wide range of performance 
which appeared to be determined by the properties of 
the deposited weld metal rather than the heat-affected 
zone.2. Tests conducted at temperatures ranging from 
—110° to + 25° F indicated that the bulge test is pri- 
marily an evaluation of the crack initiation stage of 
failure. 

Inasmuch as the weldments bulged in previous tests 
were surface-ground and the stress system in the bulge 
is essentially biaxial, extensive deformation was devel- 
oped in weldments tested at ordinary service tempera- 
tures prior to the initiation of fracture. Data thus ob- 
tained involving strains of the order of 10% reduction- 
in-thickness were deemed applicable to service entailing 
extensive deformation, such as collision and explosion. 
Data significant to the case of structures operating at 
elastic loads were obtained by causing fracture to occur 
at near-zero levels of deformation (1% or less). This 
was achieved by lowering the testing temperature, thus 
introducing a resistance to flow such as is obtained under 
conditions of severe triaxiality or high strain rate. 
The requirement of low temperature to initiate brittle 
failure in tough welds resulted in extensive fracturing 
of the base plate since most structural materials have 
an inherently low resistance to crack propagation at the 
subzero temperatures necessary for crack initiation. 
Crack initiation at a near zero level of strain was found 
to occur at widely different temperatures depending 
upon the notch toughness of the weld metal. 'Tempera- 
ture thus served as the criterion of performance—the 
lower the temperature to initiate fracture, the better 
the performance rating. 

Inasmuch as the previous investigations represented 
the first step toward a general understanding of the per- 
formance characteristics of weldments over a wide 
range of temperature and under combined load, it was 
deemed necessary to avoid the complication of weld 
reinforcement. Removing the weld reinforcement and 
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Fig. 1 Explosion bulge test equipment illustrates the simplicity of test procedures 


machining the plate to a constant thickness in all 
tests (0.650 in.) eliminated the following potential 
variables: 


(a) Size effects due to variations in as-rolled plate 
thickness. 

(b) Mechanical imperfections and metallurgical 
variations in the surface of the as-rolled plate. 

(c) Porosity caused by gas trapped in the near sur- 
face of the weld reinforcement and the den- 
dritie microstructure of the last pass weld 
metal. 

Geometrical features of the weld reinforcement 
such as the notchlike ripples that occur in the 
weld surface, and the re-entrant corners at the 
intersection of the weld toe and plate surfaces. 

(e) Restraint introduced by the increased cross sec- 
tion at the weld reinforcement. 


It was the purpose of this investigation to determine 
the effect of weld reinforcement in altering the tempera- 
ture at which there occurs a transition from ductile to 
brittle behavior in butt-welded joints. 


Fig. 2. Circular bulge in */,-in. plate. Three views of a 
single bulge show the effectiveness of edge clamping by 
explosive action 


Hartbower—Reinforcement Weldments WELDING RESEARCH SUPPLEMENT 


: 
é — 
4 
= 
oo 
142-s 
: 


Material 


The material used in this investigation was */,-in. 
thick mild steel plate from the same heat of steel as 
tested previously in the finish-machined condition.? 
The steel was fully killed, manufactured to ASTM 
Specification A201-49 Grade B. 


Chemical Analyses, % 


Two of the weld metals used in the previous study 
were investigated; viz., AWS Type E6010 and E12016 
(the latter also satisfied Specification MIL-E-986 Ships 
(2) Grade 260). The welds (60-deg double-V) were 
radiographed and the presence of flaws recorded for 
possible correlation with fracture performance. Radio- 
graphic examination of as-deposited £12016 welds re- 
vealed more porosity than had been encountered in the 
previous study of finish-machined weldments. Re- 
moval of the weld reinforcement plus 0.05 in. of base 
metal was found to eliminate much of the porosity. 
Thus, a large portion of the porosity was contained in 
the reinforcement near the surface of the weld. 

The flow strength of the E6010 weld metal slightly 
overmatched the flow strength of base metal, whereas, 
the E12016 deposit was a decided overmatch: 


Flow strength, 


Material psi at 0.05 true strain 
Mild steel base metal 73,000 
E6010 weld metal 84,000 
E12016 weld metal 133 ,000 


The attending strain deconcentrations in the trans- 
weld direction, and the restraining effect of a high- 
strength weld deposit, weld reinforcement and plate 
thickness are indicated in Fig. 3. 

The V-notch Charpy impact transitions for the weld 
and base metals are presented in the following table: 


15 Ft-Lb Transition Temperatures (V-Notch Charpy 


Impact) 
Material F 
Mild steel base meta 0 
E6010 weld metal —50 
E12016 weld metal —100 


The weld metal specimens were cut transverse to the 
joint and as close to the surface as possible so that the 
apex of the notch would be contained in last-pass weld 
metal. Plate specimens were cut longitudinal to the 
direction of rolling with the notch perpendicular to the 
surface. 
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MILD STEEL PLATE 


2ND SHOT 
.220 


MACHINED PLATE 
0.650 IN. 

NO WELD REINFORCEMENT 

WITH REINFORCEMENT 


THICKNESS STRAIN (IN./IN.) 


 AS-ROLLED PLATE 


040 
0.750 IN. \ 
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020 
| 
000 & 
¢ 2 3 4 5 6 


RADIAL DISTANCE (IN.) 


Fig. 3 Transweld strain distributions—full welds. Effect 
of weld strength, plate thickness and weld reinforcement 
in restraining plastic flow 


CRITERIA FOR EVALUATING BULGE PER- 
FORMANCE 


Of the many criteria that may be used to evaluate 
explosion bulge fracture performance, measurement of 
the biaxial strains in the bulge surface and reduction 
of bulge thickness provide data of direct engineering 
significance. For an evaluation of the distribution of 
plastic deformation in weldments, it is necessary to 
measure the biaxial strains (transweld and weld longi- 
tudinal) by means of a photogrid on the bulge surface. 
However, having established the fact that strain gra- 
dients occur in the transweld direction, thickness strain 
by micrometer caliper is by far the more expeditious 
measurement. In evaluating fracture performance 
by measurement of thickness strain, the site of first 
separation and the general level of strain accepted by 
the weldment as a whole up to the time of fracture are 
of greatest interest. However, it should be noted that 
in the case of an undermatching weld, i.e., a weld of 
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flow strength less than that of the base metal, measure- 
ment of thickness strain at the site of first separation 
will indicate a high level of ductility because of the con- 
centration of strain that occurs in undermatching welds. 
The general level of strain accepted by the weldment 
as a whole, on the other hand. may be relatively low. 
Thus, to assure a realistic evaluation of the over-all 
performance of a weldment, strain measurements were 
made 1'/s in. from the weld center on a radial line 
through the pole of the bulge. Such a location is 
beyond the drastic strain gradients that occur in the 
weld and near-weld region as the result of mismatching 
flow strengths. (See reference 3 for further informa- 
tion on the mechanics of the explosion bulge test). 

In plotting transition curves, 10°% strain (0.100 in. /in. 
reduction in thickness) was arbitrarily taken as a limit- 
ing value; thus, if a bulge fractured at a strain in excess 
of 10% it was considered to have behaved in a ductile 
manner, and in plotting strain-to-fracture versus tem- 
perature, the data were represented as a circle at the 
10° strain level. As weldments were bulged at suc- 
cessively lower temperatures, a transition range was 
reached wherein the majority of fractures occurred be- 
tween 10 and 1°% strain, and at still lower temperature 
the fractures occurred at strains of 1% or less. One per 
cent strain was taken to indicate brittle performance. 


TEST RESULTS 


It was demonstrated previously? that E6010-MS 
weldments finish-machined and surface-ground to a 
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Fig. 4 Explosion bulge transitions—E6010-MS weldments. 
A comparison between weldments finish-machined and 
as-welded demonstrates the marked detrimental effect of 
weld reinforcement 
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thickness of 0.650 in. had a transition in the range of 
—90 to —50° F. The failures initiated in the weld 
deposit and occurred in the transweld direction. With 
the plate in the full thickness (0.750 in.) and the weld 
reinforcement intact, the transition range was shiited 
upward to a marked degree (Fig. 4). The lower limit 
of the transition range was raised approximately 65° F 
and the upper limit was raised over 125° F. All frac- 
tures initiated in the weld metal in the transweld direc- 
tion (Figs. 5 and 6). Moreover, the site of first separa- 
tion usually occurred at the base of a higher-than- 
average ripple where the welder changed electrodes. A 
variation in fracture appearance corresponding to the 
top-pass weld metal was clearly delineated. 


Fig. 5 Typical E6010-MS fracture pattern. Insert shows 
the origin of fracture to be in the coarse top-pass weld 
metal at a higher-than-average ripple in the reinforce- 
ment 


A sharp transweld crack occurs at the base of 
a notchlike ripple 
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Fig. 7 Explosion bulge transitions—E12016-MS_ weld- 
ments. A comparison of weldments finish-machined, 


finish-machined with weld reinforcement on, and as- 
rolled with reinforcement on shows the marked detri- 
mental effect of weld reinforcement 


The E12016-MS weldments finish-machined and sur- 
face-ground to 0.650 in. were found to produce a narrow 
transition range at approximately —110° F which to 
all practical purposes coincided with the transition of 
In the as-welded 
condition with weld reinforcement on, the transition 
was shifted upward to the range of —50 to 0° F (Fig. 7). 
However, five of the eight fractures initiated in the base 
metal (Fig. 8); thus, in the case of the E12016 deposit, 


the finish-machined prime _ plate. 


Fig. 8 Typical E12016-MS base metal fracture. With 
high-strength weld metal, many failures originated in the 
base metal 
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the weld reinforcement per se was not solely responsible 
for the shift in transition temperature. 

The base metal failures may have been the result of 
the greater thickness of the as-rolled plate or some me- 
chanical or metallurgical condition existingat the surface 
of the as-rolled plate. Unfortunately, there was in- 
sufficient material to determine the transition for the 
as-rolled unwelded plate. However, to obtain addi- 
tional information on the effect of weld reinforcement, 
a few plates were finished machined to 0.650 in. and 
then welded. By testing finish-machined plate with the 
weld reinforcement on, the variables of plate thickness 
and as-rolled surface were eliminated. The resulting 
transition was to all practical purposes the same as for 
weld-reinforced as-rolled plate (see Fig. 7). And, more- 
over, the base metal failures persisted (four of the seven 
failures occurred in the base metal beyond the weld 
zone, while three initiated in the base metal but at the 
toe of the weld reinforcement, Fig.9). Thus, it appears 
that the as-rolled surface and the greater thickness of 
plate had little or nothing to do with the marked rise 
in transition temperature. However, the fact remains 
that base-metal failures occurred at temperatures of 
—50 to 0° in weld-reinforced finish-machined plate; 
whereas, the transitions for both finished-machined 
prime plate and finish-machined E12016-MS_ weld- 
ments were previously established at approximately 


Fig. 9 Flow and incipient cracking at the toe of the 
£12016 weld reinforcement 


Fine cracks or strain markings appeared along the toes of both 
E6010 and E12016 welds in the early stages of bulging; the 500 x 
photomicrograph shows the crack to be contained in the base metal 
in case of the E12016 weld. 
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—110° F.2. Based on these data it must be concluded 
that in some manner, presumably as a result of the 
greater restraint introduced by the increased cross sec- 
tion of high-strength weld metal, the weld reinforce- 
ment caused base-metal failures and the attending 
shift in transition. 


SUMMARY DISCUSSION OF RESULTS 


In contradiction to the general belief that weld rein- 
forcement is beneficial by virtue of the greater cross 
section provided, it has been demonstrated that the 
transition from ductile to brittle behavior in reinforced 
welds occurs at appreciably higher temperatures than 
in finish-machined weldments. If attention is focused 
on the lower level of the transition range (the tempera- 
ture at which little or no ductility remains), a difference 
of more than 60° F exists between finish-machined and 
reinforced weldments; and at the upper level of the 
transition range, a difference of approximately 100° F 
is indicated. These differences held for both E6010- 
MS and E12016-MS weldments. 

A comparison between the performance of E6010 and 
£12016 welds with reinforcement on showed the 
£12016 to be superior; the temperatures corresponding 
to the upper and lower limits of the transition range 
for E6010 were higher by 75 and 25° F, respectively. 
The marked superiority of the E12016 deposit at the 
upper transition is attributed to the effect of higher 
strength in restraining plastic flow in the transweld 
direction. 

It was concluded previously? that flow strength and 
notch toughness of the weld deposit appear to be con- 
trolling factors in the performance of pearlitic steel 
weldments. The behavior of the E6010 welds with 
reinforcement intact confirms the need for a premium 
in notch toughness, particularly in the presence of the 
notchlike ripples of the weld reinforcement. The fact 
that many of the £12016 failures initiated in the base 
metal was unexpected since the strain-deconcentration 
effect in the weld region should have alleviated the detri- 
mental effect of the weld toe. A notch-sensitive heat- 
affected zone provides a possible explanation for the 
base-metal failures in the weld zone. Also the severe 
strain gradients which occur when the flow strength of 
weld and base-metal are not matched may have been a 
contributing factor. 


RECOMMENDATIONS FOR FURTHER 
RESEARCH 


The magnitude of the shift in transition temperature 
resulting from the presence of weld reinforcement was 
so much greater than anticipated and the implications 
of the shift are of such far-reaching significance, that 
additional transitions should be determined for other 
weld and base-metal combinations. It is recommended 
that two commercial steels be used which represent the 
extremes of deoxidation practice—one rimmed and one 
fully killed. Although the behavior pattern of the 
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£6010 deposit was consistent and readily understood in 
terms of notch toughness and flow strength, 16010 
should be one of the weld metals investigated because 
of its widespread use in construction. The high- 
strength notch-tough E12016 deposit, on the other hand, 
should be investigated because it produced base-metal 
failures at temperatures considerably above the transi- 
tion for prime plate when surface-ground. 

Transitions should be established for each of the weld 
and base-metal combinations in the following condi- 
tions: 


(a) As-rolled plate tested with the weld reinforce- 
ment intact. 

(b) As-rolled plate tested with the weld reinforce- 
ment removed by portable hand grinder. 


A comparison between as-rolled and _finish-machined 
plate will demonstrate the effect of surface condition; 
a comparison between conditions (a) and (b), listed 
above, will demonstrate the effect of weld reinforce- 
ment; a comparison between as-rolled plate and 
condition (b) will demonstrate the effect of welding; 
and a comparison between as-rolled plate and condi- 
tion (a) will demonstrate the combined effect of welding 
and weld reinforcement. It would also be of interest 
to observe the effect of E6010 weld reinforcement in a 
low-alloy high-tensile base metal. In such a case, 
where the flow strength of the weld metal is less than 
that of the base metal, the resulting transweld strain 
concentration would be expected to result in weld 
longitudinal failures; i.e., the site of first separation 
would be the toe of the weld instead of a ripple in the 
reinforcement. 

A study of the geometrical features of weld reinforce- 
ment could be carried out by means of automatic equip- 
ment which would permit control of the pattern of weld 
ripple by an adjustable weaving mechanism. The 
submerged-are process would be useful in studying the 
effect of varied heights of weld reinforcement (the width 
of deposit could be held constant and the surface of the 
weld reinforcement could be made almost glassy). 
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usion Welding Commercially Pure 


» Techniques for producing acceptable welds in commer- 
cially pure titanium and superiority of some procedures 


by Francis H. Stevenson 


HE purpose of this paper is to show that the tech- 
niques used to produce acceptable welds in commer- 
cially pure titanium do not involve difficult pro- 
cedures. Details of test results are discussed to 
show why certain welding techniques are superior to 
others. 

The titanium used in this investigation was commer- 
cially pure (designated Ti-75A and RC-70) with an ulti- 
mate-tensile-strength range from 70,000 to 100,000 psi 
and a minimum elongation of 15°% in 2 in. of gage length. 

All welds were made by means of the inert-gas- 
shielded tungsten-are process. using mechanical or 
manual manipulation of the torch with or without filler 
material. Helium was used as the shielding gas when 
the welds were made mechanically, because less amper- 
age is needed and a narrower weld with full penetration 
can be more easily obtained than when argon is used. 
However, argon was used as a shielding gas when the 
welds were made manually because, being a ‘cooler’ 
gas, it is easier for the welder to use. The welds were 
made under shop conditions using standard inert-gas- 
shielded equipment. Some of the welds made mechani- 
cally were given extra shielding by using a 3-in. exten- 
sion on the gas cup. By means of this extension, all 
outside atmosphere was excluded, resulting in a silver- 
bright finish on the top of the weld. Because the under- 
side of the weld was also protected by a backing bar, it 
too had a silver-bright surface. All welds were made 
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Figure 1 


using direct-current straight polarity with thoriated 
tungsten electrodes. 

The mechanical welds were all made on the fixture 
shown in Fig. 1, which has a copper backing bar with a 
groove '/, in. wide and 0.010 in. deep. It was not 
necessary to use a gas backing with a groove of the 
above dimensions. To find the most suitable size of 
groove, a series of tests were conducted in which several 
backings were used, ranging from no groove to a groove 
3/, in. wide and */,. in. deep. When the larger grooves 
were used, an inert gas was introduced to provide 
shielding; backing was considered to be adequate when 
the underside of the weld had a silver-bright surface. 


Table 1—Welding Data on Inert-Gas Tungsten-Are Butt Welds in 0.063-In. Ti-75A Titanium Sheet 


1 2 3 
Filler wire Ti-75A None None 
Wire diam, in. 0 062 
Current, de, amp 100 100 100 
Are voltage 
Inert gas Arzon Argon Argon 
Torch, efh 30 30 30 
Backing, cfh 10 10 30 
Manual X 
Automatic X X 
Carriage speed, fpm 20 18 


4 


Ti-75A 


5 6 7 8 9 
Ti-75A None None None None 


0.062 0.062 


100 


5 
10 
X 


Argon Argon Helium 
25 25 


100 50 50 50 50 
13 13 13 13 
Helium Helium Helium 
25 25 25 25 
None 10 10 10 10 


X X X 
19 19 


Note: Straight polarity, thoriated tungsten electrodes ('/i»-in. diam) used in all tests. 
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Table 2—Tensile-Test Data on Weld Joints for Butt Welds in 0.063-In. Ti-75A Titanium Sheet 


Ultimate 
Ultimate strength, 


load, lb 


Specimen 


Distance from 
weld to 


Elongation -— 
fracture, in. 


S 


The groove which resulted most consistently in a silver- 
bright appearance of the underside of the weld was '/, 
in. wide and 0.010 in. deep. Accordingly, all the weld 
tests on flat sheet were made using this type of groove 


in the backup bar. The majority of the weld tests 
were made on 0.063-in.-thick stock, since this material 
was most readily available. The data on butt welds 
in 0.063-in. T-75A titanium sheet is summarized in 
Table 1, and the tensile-test data in Table 2. The data 
on free-bend tests is summarized in Table 3. 

Fatigue tests were also conducted on a group of speci- 
mens containing welds made manually and mechani- 
cally. Figure 2 shows the fatigue endurance limits for 
unwelded, machine-welded and hand-welded specimens 
of 0.063-in. Ti-75A titanium sheet. Figure 2 shows 
that the endurance limit of unwelded, annealed Ti-75A 
occurred at 46.5 ksi, while the limits for machine-welded 
and hand-welded samples were 43.9 and 39.0 ksi, re- 
spectively. Tensile tests made transverse to the direc- 
tion of rolling gave mean values for annealed Ti-75A 
of 93.5 ksi ultimate strength, 78.8 ksi yield strength at 
0.2°% offset and 23.5°% elongation in 2 in. When the 
endurance limit is divided by the ultimate tensile 
strength, endurance ratios of 0.496, 0.406 and 0.367 
are obtained for unwelded, machine-welded and hand- 
welded specimens, respectively. As expected, the welded 
specimens show a greater degree of dispersion than the 
unwelded specimens. In general, machine welds exhib- 
ited greater fatigue strength and less scatter than 
manual welds, and both manually welded and machine- 
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Table 3—Free-Bend Tests of Inert-Gas Tungsten Are 
Butt-Weld Joints* at 180° An 0.063-In. Ti-75A Titanium 
Sheet 


Ratio of bend Calculated 


Specimen diameter to local 
no. sheet thickness 


1A 


elongation, % 


* All-weld bead reinforcement was ground off; automatic welds 
were not ground. Bends are all face bends unless otherwise 
noted. 

+t Root bends. 


welded specimens had higher endurance limits than the 
unwelded specimens, probably because of strengthen- 
ing resulting from oxygen absorption at the surface of 
the welded specimens. To prove further that com- 
mercially pure titanium was practical to use in produc- 
tion, four small spherical tanks were designed and sub- 
sequently fabricated from 0.063-in. Ti-75A titanium 
sheet. Figure 3 shows the parts of a tank ready for 
welding. Two of the tanks were welded manually, 
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no, pst 

‘ 2A 2400 76,200 0.33 16.5 0.65 

2g 2B 2500 75,800 0.33 16.5 0.70 

2c 2450 74,900 0.33 16.5 0.85 

. 2D 2450 74,900 0.35 17.5 0.75 

3A 2450 74,500 0.31 15.5 0.70 

+2 3B 2400 71,800 0 32 16.0 0.80 

3c 2450 74,700 0.37 18.5 0.75 

s 3D 2400 73,300 0.33 16.5 0.75 

4A 2500 77,600 0.34 17 0 65 

‘4 4B 2500 81,000 0.33 16 0.75 

we 4C 2450 75,900 0.33 16 0 80 

4D 2450 76,000 0.31 15 0.75 
Av 77,600 16 

5A 2510 74,800 0.32 16 0 92 

o 5B 2400 75,500 0.31 15 0.75 “i 
ey 5C 2400 75,500 0.31 15 0.70 
5D 2450 76,400 0.33 0.68 

os 6A 2100 78,400 0.34 17.0 0.62 

“a 6B 2550 76,800 0.38 19.0 O44 

; 6C 2600 78,500 0.36 18.0 0 61 
: 6D 2550 77,000 0.36 18.0 0.66 i 
Av 77,700 18.0 

4 7A 2500 74,400 0.33 16.5 0.70 
a 7B 2550 76,000 0.34 17.0 0.65 

2 7C 2500 74,200 0.33 16.5 0.65 

7D 2450 72,500 0.32 16.0 0 70 

x Ay at 74,300 16.5 

t = 3 24 

1B 3 24 

iC 3 24 
1D 3 24 
a Ik 3 24 

4 2A 3 24 

‘a 2B 3 24 

3A 2 30 
a 3B 3 24 

‘3 4A 3* 24 

a 4B 4t 20 

ke 5A 12* 8 

5B 14* 6 

+ 6A 1'/, 37 

be 6B 2 30 

i: 7A 2 30 

ei 7B 2 30 


FEECT OF WELIOING AND 
ATIGUE EN OURANCE 
77 TITANIUM 


and two had mechanically made 
girth seams and boss welds. Figure 
4 shows the fixture used in welding 


| 


the boss to the hemisphere. The 
boss was supported on a central post 


DEO CBIENEE attached to the base plate of the 
fixture. The hemisphere was held 
in place by an outside ring attached 


to a copper chill plate for minimizing 
the heat-affected zone. In order to 
| provide internal shielding, argon gas 


| 
| 
| 


STEESS(ANS/) 


_8 


| was introduced through a fitting in 


the base plate and permitted to 


escape through a small slot in the 
center post at the point of contact 
with the boss. Prior to welding, the 


inside of the hemisphere was purged 
SPEC/ME. . e 
= with argon for a period of 5 min at a 


| 


flow rate of 40 cfm. During the 


OF 
CYCLES 
Figure 2 


Figure 3 


Figure 4 
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welding, a flow of 10 cfm of argon 
was maintained inside the hemis- 
phere, and a flow of 16 cfm 
through the torch. A '/j-in.-diam thoriated tungs- 
ten electrode with a gas cup opening of */, in. was 
used. The tank shown in Fig. 5 was welded manually 
using the procedure described above. The mechani- 
cally welded tanks were welded under similar conditions. 
Figure 6 shows the underside of the weld joining the boss 
to the shell. The effect of the copper chill plate men- 
tioned above in minimizing the heat-affected zone is 
clearly shown by the dark area just outside the weld. 


Figure 5 
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The weld itself shows no evidence of contamination, 
which indicates adequate shielding. Figure 7 shows 
the four tanks after testing. Tank 1 was hydrostatic- 
ally proof tested to 1200 psi and showed no signs of leak- 
age or deformation. The pressure was then relieved 
to 900 psi and maintained there for 30 min; again the 
tank showed no evidence of leakage. Pressure was 
then relieved to zero and the tank was repressurized to 
2680 psi at a rate of 50 psi per minute; bursting oc- 


a curred at this pressure. The failure apparently started 
"4 at the line of fusion of the weld with the parent metal 
aK adjacent to the tube, and carried through the parent 
Ss metal in two directions and across the girth weld in two 
t places (see Fig. 7). Tank 2 was pressurized in the 
“4 same manner as Tank 1, and bursting occurred at 2760 
Ee psi. The failure started at the line of fusion of the weld 


with the parent metal adjacent to the girth repair weld. 
Tank 3 was subjected to the same proof pressure (1200 
psi) as Tanks 1 and 2. However, after proofing a small 
crack opened at the boss weld (see Fig. 7). This crack 
was repaired three times. Each time, instead of the 
tank bursting, the crack opened; because this occurred 
at 2700 psi, further testing was discontinued, as it was 
believed that further attempts to repair the crack would 
not result in additional information. When Tank 4 
was welded, shielding of the boss weld was inadequate. 
The tank was therefore rewelded prior to testing. Tank 
4 was then tested at the same pressures as the previous 
tanks. However, at the rewelded area, a crack opened 
at a pressure of 1060 psi (see Fig. 7) and further testing 
was discontinued. Prior to pressure testing, Tanks 1 
and 4 were stress relieved at 1200° F for 30 min, but 
no benefits were apparent. Since the average maxi- 
mum burst pressure for Tanks 1, 2 and 3 was 2712 psi, 
the tanks were considered satisfactory. 

Figure 8 shows parts for a 50-lb-thrust rocket ma- 
chined from commercially pure bar stock and subse- 
quently welded. The motor has been operated periodi- 
cally for an accumulated time of 120 sec. The only 
noticeable effect after testing was a slight discoloration 


| 


Figure 6 


at the exit end, whereas an identical motor fabricated 
from Type 347 stainless steel was very noticeably eroded 
at the exitend. Further tests were conducted in which 
sheet was formed in segments as shown in Figs. 9 and 
10; these were then welded to each other and to a plate. 
This series of tests was used to check the effects on the 
material of a number of welds made close together. 
The ends of the test section were closed by a plate to 
which small pressure fittings were welded, so that any 
or all of the small chambers formed by the tubular seg- 
ments could be pressurized. The welds in this section 


Il 


Parent metal thickness, 


in. 0.050 0.095 
Parent metal material RC-70 RC-70 
Filler wire material 

(*/:-in. diam) Ti-75A Ti-75A 


Current, amp 90 150 
Voltage 16 
re Carriage rate, ipm 22 17 
fi Wire rate, ipm 21 21 


Table 4—Welding Techniques and Properties of Joints 


Coupon specimen 


Weld machine settings 


Il IV Vv Vi 
0.050 0.050 0.095 0.095 
RC-70 RC-70 RC-70 RC-70 
RS-55 RS-55 RS-55 RS-55 
110 110 240 

16.5 16 17 17.5 

21 18 16 16 

21 21 24 26 


‘. Yield strength, ksi 60.8* 70.7 56.1 7.4 86.4 98.2 
Ultimate strength, ksi 102.9* 110.6 104.7 106.2 113.9 109.2 
Elongation in 2 in., % 4.5* 16.5 21.0 23.0 20.0 18.5 
Location of failure Weld Weld Sheet Sheet Sheet Sheet 
Bend test properties 
Mean elongation, % 20 40 15 15 26 13 


* Vise jaws slipped, preloading one side of the test coupon and making these values questionable. 
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were made for comparison only, without the addition 
of any filler material. As expected, there was no pene- 
tration. In spite of this defect, the pressure required 
to cause failure was 1890 psi. Figure 10 shows another 
test part in which filler material was added when mak- 
ing the weld. The pressure required to cause failure 
was 2700 psi. Ti-75A filler material was used in all of 
the tests. However, a series of tests were made to 
compare the ductilities of weld joints made with stand- 
ard, commercially pure titanium filler material (Ti- 
75A) with those of high-grade, commercially pure titan- 


TANK SERIAL NO, 4 

AUTOMATIC WELD SHIELDING) 
STRESS RELIEVED 30 win. © 1200%F 

1 RE WELD 

aurst pressure 1060 ps: 

CRACK LENGTH .28 INCH 


ium filler material (RS-55). The welding data and 
properties of the joints are summarized in Table 4. 
The filler wire (RS-55) had a hard surface coating which 
was surmised to be either some form of talc used to facil- 
itate drawing of the wire or a highly oxidized surface 
produced by the technique used to draw the wire. 
Most of the surface coating was removed by a hydro- 
fluoric—nitric acid etch which left the surface of the wire 
very rough and pitted. However, no difficulty was 
encountered when using the wire in the wire feeder at 
the time of making the weld. Further tests are being 


TANK SERIAL WO. 
AUTOMATIC WELD 
REPAIR WELD 

PRESSURE 


TANK 
MANUAL WELD 
REPAIR WELDS 
eurst pressure <7O0O 


CRACK NOT VISIBLE BY NAKED EVE 


Figure 7 
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Figure 9 


igure 10 


conducted with this filler wire to determine what effect, 
if any, the surface condition of the wire has on the 
finished weld. It should be noted that failure in the 
majority of test specimens occurred in the sheet stock 
and not in the weld. This indicates that the strength 
of the weld joint was greater than that of the parent 
sheet stock. Bend tests were made on the coupons 
with bends parallel to and on the weld joint. An aver- 
age of three readings were taken for each coupon, and 
elongation in the weld joints, using Ti-75A filler ma- 
terial, was greater and therefore superior to that ob- 
tained using RS-55. However, further tests must be 
made before definite conclusions can be drawn. Some 
cup testing was performed on several weld specimens, 
and the results to date have indicated that welds made 
in commercially pure titanium using Ti-75A filler ma- 
terial are quite ductile. 

When titanium rewelds were made over the entire 
length of the weld, to simulate repair welding, the weld 
still possessed surprisingly good tensile strength, i.e., 
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approximately that of the original weld. However, 
examination of the tensile specimens showed numerous 
small cracks in the heat-affected zone adjacent to the 
weld, as illustrated in Fig. 11. The brittleness of this 
zone was confirmed by subsequent bending tests, in 
which the specimens failed almost immediately after 
the bend was started. The brittleness was extremely 
noticeable in specimens that had been subjected to three 
or more passes, indicating that repair welding must be 
kept at a minimum. Tank 3 (see Fig. 7) illustrates 
this situation; even with careful grinding of the defect, 
followed by rewelding, a crack occurred at the repaired 
area. However, satisfactory results have been ob- 
tained by carefully grinding out the old weld and re- 
placing it with new weld metal. 

The results of the tests may be summarized as follows: 

1. Fusion welds can be made using standard, inert- 
gas-shielded arc-welding equipment. The weld must 
be shielded carefully until it cools to approximately 
400° F. 


2. Welding procedures must be so designed that the 
number of welds coming together at any one point is a 
minimum. 

3. Helium is preferred as a shielding gas when welds 
are made mechanically and argon when welds are made 


manually. 
4. No benefit has been realized from stress relief 
of the welded joint. 
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Nondestructive Test Methods for Inspection 
Welded Joints 


» The present status of nondestructive test methods 
of inspection of welded joints in ship structures 


by R. J. Krieger, S. A. Wenk and R. C. 
McMaster 


Summary 


The nondestructive test methods applicable to flaw detection 
in welds in ship structures are radiography, magnetic particle, 
ultrasonics and fluid penetrants. At present, radiography is the 
most extensively used. The magnetic-particle method has found 
considerable application, and fluid penetrants are used occasion- 
ally, while the ultrasonic method has not yet been used on ship 
structures. 

Radiography, at present, is the most reliable and offers the 
best sensitivity to the detection of flaws in welds. The ultrasonic 
method offers a considerable potential and may prove more ex- 
pedient than radiography if developed to provide the quality of 
inspection desired in welds in ship structures. The magnetic- 
particle method is established to the point where it serves as a 
useful inspection tool, particularly when used in conjunction with 
radiography. Further development may enhance its applica- 
bility. 

Filmless techniques such as xeroradiography and fluoroscopy 
offer some potential, but both require further research and de- 
velopment before they may be applicable to this type of inspec- 
tion. 


INTRODUCTION 


HE field of nondestructive testing has grown to 
include a variety of methods! having a wide scope 
of application. At least one or more of these 
methods are in use in nearly every manufacturing 
plant in the United States. The most extensive use 
of nondestructive testing is in industries which fabri- 
cate metal products. The detection and removal of 
discontinuities and flaws greatly improves the quality 
of welds, castings and forgings. Nondestructive test- 
ing also aids process improvement because it tends to 
point out the inherent weaknesses of welding, casting 
and forging. 
A very important application of nondestructive test- 
ing in shipbuilding and repair is the detection of flaws 
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in the hull structure. The largest percentage of brittle 
failures in ships has been associated with weld defects; 
hence, to insure quality in a hull, it is desirable to 
detect and repair all major flaws in the welded joints 
in the critical areas of the structure. For many years, 
detection of flaws in hull welds was considered imprac- 
tical because of the great lineal footage of welding and 
the massive structure of a ship. However, in 1943, 
the Navy began requiring radiographic inspection for 
all welds in the pressure hulls of submarines. This not 
only proved to be beneficial but also proved practical 
enough, so that in 1945, the New York Shipbuilding 
Corp., at Camden, and the Bethlehem Steel Corp., 
Shipbuilding Division at Quincy, Mass., at the request 
of the Navy, instituted radiographic inspection to in- 
sure good weld quality in critical areas in combatant 
vessels of a new welded design.?, In October of 1945, 
the Navy made radiographic inspection in critical areas 
a requirement for all combatant vessels. In this con- 
nection, the Navy issued the following publication: 
‘X-ray Standards for Production and Repair Welds” 
(Navships No. 250-692-2), 1945, Navy Department, 
Bureau of Ships, Weshington, D. C. 

The purpose of this report is to discuss the applica- 
bility of existing nondestructive test methods to the 
detection of flaws in welded joints in ship structures 
and to make recommendations for further research, 
designed to improve these methods for the above pur- 
pose. 


NONDESTRUCTIVE TEST METHODS PREs- 
ENTLY USED FOR FLAW DETECTION IN 
FUSON-WELDED JOINTS 


Several factors enter into the problem of selecting a 
nondestructive test method for flaw detection in ship 
structures. These are applicability, sensitivity, relia- 
bility, cost and time and inherent personnel hazards. 
The type of flaw being sought and its location and 
orientation with respect to the surface will impose limi- 
tations on the effectiveness of certain methods. 

Applicability. The applicability of a method takes 
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into consideration such factors as portability of the 
equipment, accessibility of the welded area and the 
type of flaw being sought and its location and orienta- 
tion with respect to the surface. 

Sensitivity. The sensitivity of any nondestructive 
test method may be broadly defined as its ability to 
detect finite discontinuities or changes in density in a 
given material or test object. For example, radi- 
ography may detect discontinuities equivalent to 2% or 
better of the total thickness of the object under inspec- 
tion but will generally not detect microcracks or narrow 
discontinuities perpendicular to the beam of radiant 
energy. Ultrasonic methods may reveal changes in 
microstructure under certain conditions. The mag- 
netic-particle method offers high sensitivity to surface 
defects but rather poor sensitivity to subsurface defects 
in welds, 

Reliability. Reliability may be defined as_ the 
ability of a method to produce consistent results. 

Cost and Time. The time required to detect flaws 
with any given method must be considered as an eco- 
nomic factor. This time may include the equipment- 
setup time, detection time, processing of films or other 
recordings and interpretation. For example, at pres- 
ent the radiographic-film pickup method is time-con- 
suming. The development of the filmless techniques, 
such as fluoroscopy and xeroradiography, may effect 
a reduction in inspection time over the radiographic 
method. 

Personnel Hazards. Other than the normal dangers 
encountered in handling electrical apparatus, nonde- 
structive test equipment, aside from radiation types, has 
no special danger for the user. The hazards of X-ray 
and gamma-ray radiations are, of course, fairly well 
known. This often confines the use of such methods 
to periods when fabrication personnel are off duty and 
requires that special precautions be taken at all times 
to protect inspection and other personnel. 

Portability of Equipment. This factor is quite im- 
portant in ship-structure inspection where equipment 
must be moved to the area to be examined. It is often 
necessary to locate equipment in hard-to-get-to places. 
Lightweight, compact and rugged equipment that can 
be moved easily by one man is an important considera- 
tion of inspection personnel. 

Accessibility of the Welded Joint. The accessibility 
of the welded joint often limits or even determines the 
inspection method. Radiographic methods require 
free accessibility to both sides of the joint simul- 
taneously. The magnetic-particle method may be ap- 
plied from one side only. The ultrasonic method may 
also be applied from one side only. In new construc- 
tion it is often possible to have accessibility to both 
sides of a joint, whereas in repair work it is frequently 
impossible to get to both sides. 

Types of Flaws. The many types of weld cracks are 
commonly classified by visual appearance. Seam 
cracks, root cracks, centerline bead cracks, crater cracks 
and fillet cracks are referred to as longitudinal cracks 
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when occurring in the longitudinal direction of the weld. 
It is significant that these cracks may lie in a plane 
either parallel or perpendicular to the surface of the 
weld and may lie entirely below or may appear open to 
the surface. Cracks appearing in a plane perpendicu- 
lar to the longitudinal axis of the weld are referred to as 
transverse cracks. This type of crack is usually small 
and often open to the surface. Cracks which do not 
seem to be particularly related to the direction of the 
weld but propagate in all directions are referred to as 
multidirectional cracks. Many of these cracks may be 
extremely fine hence difficult to detect by most methods. 

Such defects as incomplete penetration, lack of 
fusion and slag inclusions, are readily detected by radi- 
ography. The magnetic-particle method will indicate 
the presence but not the type of such defects, provided 
they are located near the surface. 

Porosity, another common defect, can best be de- 
tected and identified by radiography. 

It has been previously stated that there are many 
types of nondestructive tests. At present radiography, 
magnetic-particle, ultrasonic and liquid penetrants 
appear to be applicable to flaw detection in ship struc- 
tures. These methods offer various degrees of ap- 
plicability; hence, two or more methods may be re- 
quired for certain applications. 


Radiography 


The radiographic film method is at present the most 
widely used for flaw detection in ship structures. 
Radiography is the most reliable of the present ap- 
plicable methods. Sensitivities attainable with radio- 
graphic methods will, however, usually not detect 
microscopic cracks. Such defects as slag inclusions, 
porosity, incomplete fusion and lack of penetration 
are readily detected and consistently identified by 
radiography. 

A 2% sensitivity is considered the minimum accepta- 
ble with most radiographic methods. X-ray sources 
will in general give better sensitivities than gamma-ray 
sources. The percent sensitivity is the ratio of the 
smallest thickness difference visible on the radiograph 
to the thickness of the meterial penetrated by the 
radiation. ‘Radiographic sensitivity’ refers to the 
ability of a given technique to reveal discontinuities or 
changes in density present in the material being ex- 
amined. 

Portability is a desirable feature in equipment to be 
used for inspection of welded joints in hulls. The rela- 
tive weight, the over-all dimensions and ruggedness of 
the tube mounting are factors which either facilitate 
or make more difficult the use of X-ray equipment. 
The majority of the present-day so-called portable X- 
ray units are still too heavy for one man to move about 
easily, and many of these units do not possess the built- 
in ruggedness required for ship-structure inspection. 
Units of 150 to 250 kvp are considered to be the most 
suitable for the range of joint thicknesses commonly 
encountered in hull weld inspection. 
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Gamma-ray sources of radium and cobalt-60 offer 
much more portability than do X-ray units, and within 
certain material-thickness ranges will give equal sensi- 
tivity. Gamma-ray sources also have an added advan- 
tage in that no power supply or connecting electric 
lines or maintenance are needed. Iridium-192 is 
another possible radiation source, which is not in com- 
mon use in this country but is being widely used in 
England. In penetrating quality or hardness the 
gamma-ray sources are equivalent to million-volt X-ray 
units, with the exception of iridium-192, which is ap- 
proximately equivalent to 400-kvp X-rays in radiation 
quality. Thus iridium-192 should offer great possi- 
bility for ship-structure inspection. The intensity of 
radiation from conventional gamma-ray sources is 
much less than the intensity of X-rays; hence, gamma- 
ray sources require longer exposure times. Although 
gamma-ray sources may require several hours per 
exposure in comparison to the usual few minutes re- 
quired with X-ray sources, the time difference can be 
reduced because of the decreased setup time required 
and the use of several sources simultaneously. 

Schwinn’ has done outstanding work on comparing the 
sensitivities of several X-ray and gamma-ray sources. 
The results of his work, as reported in Graphs 9, 11, 13 
and 14, are summarized in Table 1. This work repre- 


sents a good comparison of the sensitivities attainable 
and the exposure times required for the sources used for 
plate thicknesses of 1, 2, 3 and 4 in. of steel. Of the 


Table 1—Comparison of Radiographic Sensitivity of 
Various X-ray and Gamma-ray sources (Based on Report 
of Schwinn’) 


Focal Sensi- 
Type of radiation Steel, distance, tivity, 
source in. in. Time % 
250-kvp X-ray ma- 36 3 min 1 
chine Not practical 
Not practical 
Not practical 
36 2.5 min 
36 15 min 
Not practical 
Not practical 


400-kvp X-ray ma- 
chine 


1000-kvp X-ray ma- 
chine 


2 min 
min 


2000-kvp X-ray ma- 


chine 


Cobalt-60 x 
480 mr/hr at 1 
meter 


Cobalt-60 x 1/5) 
250 mr/hr at 1 
meter 


Radium—200 mg 


All exposures were made en Type A film with 0.080-in. lead 
filter. 

All X-ray exposures shown in minutes, and all gamma ex- 
posures shown in hours. 
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X-ray sources tested, the 250-kvp X-ray is to be recom- 
mended for the l-in. thickness range. Radium ap- 
pears to be preferred over cobalt-60 in the 1-in. range 
on the basis of improved contrast, according to 
Schwinn’s report. 

Overexposure to X- and gamma-radiations can 
seriously affect the health of human beings. Thus, 
every reasonable precaution must be followed to safe- 
guard operating and transient personnel against exces- 
sive exposure. Conventional gamme-radiation sources 
offer some advantage over X-rays, especially when used 
in the field, inasmuch as safety may be provided by 
roping off the exposure area to a radius of approxi- 
mately 11 ft for a 200-mg and 20 ft for a 500-mg radium 
or equivalent source. In addition, the more intense X- 
rays will produce fairly intense scattered radiations 
which are dangerous because of the wide area that may 
be subjected to these scattered rays. Safety of per- 
sonnel, both the inspectors and co-workers, may be 
insured by close adherence to the recommendations of 
of American War Standard 254.1-1946, “Safety Code 
for the Industrial Use of X-rays,’’ published by the 
American Standards Association. 

Filmless radiographic techniques, such as fluoroscopy, 
xeroradiography, geiger tube, ionization gage and 
image-tube pickup methods, have at present found 
little application to weld inspection. At their present 
state of development, these methods do not consistently 
give the contrast and sensitivity required for hull weld 
inspection. 

The most serious obstacle to high-sensitivity fluor- 
oscopy is the large grain size of fluoroscopic screens. 
This gives poor definition to the image. Fluoroscopy 
‘annot compete with film radiography where high sensi- 
tivity for detection of small defects is required. Fluor- 
oscopy offers better sensitivity to thick sections than to 
thin sections. Under ideal conditions and in connec- 
tion with lightweight alloys, an optimum sensitivity of 
2% may be obtained. However, future improvements 
in fluroscopic sensitivity should extend its use to fer- 
rous materials and more critical types of inspection. 

Xeroradiography, an all-electric method of recording 
X-ray images, is presently under development. The 
speed and contrast sensitivity attainable with xero- 
radiography appear to be generally comparable to those 
obtained with commercial X-ray films. Xeroradi- 
ography possesses the advantage of high-speed dry- 
image processing. The method is not far enough along 
in development at present to be made commercially 
available. 

Ionization gages, geiger counters and image tubes in 
general appear to have little to offer as improvements on 
present techniques. One exception has been the re- 
cent adaptation of an image-intensifying tube of the 
Coultman type to the intensification of fluoroscopic 
images. This technique is being used in medical radiog- 
raphy but so far has not been used for industrial 
inspection. 
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Magnetic-Particle Method 


The magnetic-particle inspection method is quite 
reliable for locating discontinuities which have an 
opening to the surface. It is widely used for the loca- 
tion of surface cracks. However, the magnetic-par- 
ticle method is not so reliable when attempting to locate 
subsurface defects. If a subsurface defect is fairly 
large and within a few tenths of an inch of the surface, 
it may be detected, though it is not always possible 
to distinguish the type of flaw or what its exact size 
and shape may be. 

The sensitivity of the magnetic-particle method is 
affected by the strength of the magnetic field, the mag- 
netic properties of the material under inspection, the 
type of magnetizing current used and the indicating 
medium used. Another important factor affecting the 
sensitivity of the magnetic-particle method is the sur- 
face conditions of the material under inspection. For 
instance, particle patterns set up by the distorted flux 
field established by small cracks will be more easily 
seen on smooth, clean surfaces than on rough, dirty 
surfaces. Alternating current is recommended for 
detecting surface cracks because the skin effect creates 
a stronger magnetic field near the surface. Direct 
current, which gives a more uniform field distribution, 
is generally recommended for detecting surface and sub- 
surface discontinuities; however, half-wave rectified 
alternating current is preferred for locating deep-seated 
subsurface defects. This current combines the advan- 
tages of surge characteristics due to the wave form 
with the additional particle mobility due to the pulsa- 
tions. 

The magnetic-particle method offers an advantage of 
portability. The equipment for checking welded 
joints in hulls need not be complicated. All that is 
needed is a source of sufficient current with leads and 
prods. Storage batteries and welding generators have 
often been used as a current source for limited inspec- 
tion. The magnetic-particle method is advantageous 
where only one side of the welded joint is accessible, 
which is often the case in repair work. 

Where it can be applied, the magnetic-particle 
method offers a rapid method of inspection. On the hull 
of a vessel the prods can be moved rapidly from place 
to place along a welded joint by one man while another 
applies the powder and notes the indications. In this 
connection extreme caution should be taken when 
using prods to avoid are craters in the material under 
inspection, in view of the fact that are craters have 
been found to be prone to trigger brittle fracture in hull 
plate. Permanent records can be made by cellulose- 
tape transfers if desired. The magnetic-particle 


method requires no special safety practices other than 
those precautions ordinarily required with low-voltage 
electrical apparatus. 


Ultrasonic Method 


The ultrasonic method of flaw detection probably 
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offers more undeveloped potential than any other non- 
destructive test method. So far with commercially 
available ultrasonic equipment, this method has not 
proved to be sufficiently reliable for the detection of 
flaws in welds. Some of this unreliability may, how- 
ever, be attributed to the inability of operators or in- 
herent limitations of the method to distinguish between 
flaw indications and indications that are generated by a 
sound weldment. 

The ultrasonic method is extremely sensitive to 
acoustic impedance variations; in fact, in some cases 
normal variations in the material, such as grain bound- 
aries and microporosity, generate such a degree of 
background noise that it may obscure the signal from a 
flaw whose amplitude is of the same magnitude as that 
from a boundary. Another limitation of the ultra- 
sonic method is the inability of the operator to distin- 
guish certain types of discontinuities or flaws. The 
orientation and configuration of a discontinuity or a 
flaw also have an influence on the indications obtain- 
able with the method. The amplitude of the ultrasonic 
energy that is reflected from a boundary is highly de- 
pendent upon the boundary area which is normal to the 
longitudinal axis of the ultrasonic beam. Flaws that 
occur in welds are generally of random orientation and 
configuration. Thus the extent of a flaw may be large, 
but if only a small portion of its area is normal to the 
ultrasonic beam, the reflected signal level will be low. 
However, the method is capable of a high degree of 
sensitivity over a large thickness range. It has been 
used effectively for detecting flaws in steel from '/2 in. 
up to, and over, 20 ft in thickness. 

The ultrasonic method may be considered as highly 
portable and offers an advantage in that it does not re- 
quire access to both sides of the welded joint. In the 
case of a butt weld, the ultrasonic beam is transmitted 
into the material at an angle and is propagated by 
angular reflection from the upper and lower surfaces 
until it impinges upon a boundary that is normal to the 
beam axis and is reflected back along the same path. 
In order that the noise level and energy loss be mini- 
mized, the reflecting surfaces by which the beam is 
propagated must be reasonably smooth. The intro- 
duction of the sound energy into the test piece is usually 
a problem and must be accomplished through a liquid 
couplant such as water or oil. The straight-beam 
method, in which the ultrasonic energy is transmitted 
into the test object perpendicular to the surface, is quite 
impractical for the inspection of welded joints. The 
use of this technique would require the entire bead sur- 
face to be ground flush and smooth in order to obtain 
good coupling. The direct-beam method is less ap- 
plicable to thin than to relatively heavy section thick- 
nesses. Furthermore, the usual orientation of weld 
defects is such as to make detection by the direct beams 
less promising than by the angle-beam method. The 
angle-beam technique is presently the most promising 
way of using the ultrasonic method for quantity weld 
inspection. 

The ultrasonic method, at its present state of de- 
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velopment, has been used to a limited extent to in- 
spect welds in steel. The method is capable of detect- 
ing many types of flaws, depending upon the geometry 
and orientation of the flaw. However, the present 
design of the equipment does not lend the method to the 
detection of flaws in ship hull structures. A satisfac- 
tory simple means of coupling the sound energy into 
the hull must be found. Further research and de- 
velopment should overcome this handicap and allow 
the method to be adapted to such inspection applica- 
tions as welds in hull structures. 


Fluid Penetrants 


The liquid penetrants, although limited to the detec- 
tion of flaws open to the surface are simple to apply. 
There are several portable kits commercially available. 
The penetrants are safe to use and provide a quick 
method for checking surface conditions, provided 
eracks or defects are open to the surface and not 
plugged with scale, slag or other foreign material and 
are not on the compression side of the member. 


EXISTING NONDESTRUCTIVE TESTING 
PRACTICES IN SHIPBUILDING AND REPAIR 


The Navy has required radiographic inspection on a 
spot-check basis for hull welds in all combatant vessels 
since 1945. The exception to spot-check inspection is 
submarine work where the requirements specify that 
every inch of pressure hull welding must be inspected 
by radiography or another competent nondestructive 
method. In Naval construction, the exact intersec- 
tions and joints to be radiographed are specified by the 
naval architects. 

The Maritime Administration does not specifically 
require nondestructive inspection of hull welds of ships 
built for the Administration. However, it is known 
that at least one shipyard, at its own choosing, per- 
forms the same amount of inspection on maritime 
vessels as on naval vessels. In addition, the inspectors 
of either the Maritime Administration or the American 
Bureau of Shipping may request the shipyard to per- 
form such tests if they feel any reasonable doubt as to 
the integrity of a weld. 


Purpose of Flaw Detection 


The main purpose of nondestructive testing of welded 
joints in ship structures is the detection and ultimate 
elimination of all objectionable flaws which, if not re- 
moved, may potentially trigger a brittle fracture. Once 
it is established that a flaw exists, the problem then is 
to decide whether the flaw is severe enough to warrant 
correction. The responsibility for this decision is 
usually delegated to the shipyard welding engineer or 
chief inspector. The basis for a decision may stem from 
a comparison of the inspection results with established 
standards, if available, or appreciation of defects and 
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their influence on service performance based on past 
experience. The possibility of a specific flaw, if not 
corrected, encouraging the initiation of failure in a 
structure must be considered in all cases. Considera- 
tion must also be given to the potential improvement 
in the quality of the welded joint to be derived from the 
corrective measures to justify their cost. At present 
there are very few engineering data available on which 
to base a comparison. Essentially, it is not definitely 
known just how dangerous any given defect may be if 
it is left in a welded joint in the critical hull area of a 
ship. Shipyard engineers would like to have more in- 
formation regarding the effect of flaws on the service 
performance of welded joints. It is recognized that 
most of this knowledge must necessarily be learned 
through laboratory research and testing. However, it 
is felt that, once the effect of severity of flaws is deter- 
mined, nondestructive test methods may be modified 
so that inspections can be carried out more rapidly and 
economically than at present. 

A secondary purpose of nondestructive testing of 
ship structures may be predominantly psychological. 
Welders, knowing that their work is to be radiographed 
or inspected in some other manner, usually become 
more conscientious in their effort and will in all proba- 
bility strive to improve the quality of their work. The 
full psychological value of nondestructive testing in the 
improvement of weld quality can be realized only if the 
welder is given the opportunity to see the inspection 
results of his work. 


Methods 


As has been previously mentioned in this report, the 
major portion of flaw detection in welded joints in ship 
structures is being performed by radiography with film 
pickup. The majority of X-ray units in use are in the 
150- to 250-kvp range. One typical unit is mounted 
on a jeep to facilitate its mobility. This is a 250-kvp 
unit with a 108-lb head containing the transformer and 
tube. Another unit in use consists of a 35-lb tube de- 
tached physically from the transformer but connected 
electrically with 50-ft sections of high-tension cables. 
A foreign unit, available in the United States and now 
being used in some shipyards, consists of a 180-lb head 
containing the transformer and tube. This is a 175-kvp 
unit, reported to be ruggedly constructed. A new 250- 
kvp unit with a 150-lb head containing the transformer 
and tube is now commercially available. This unit 
offers the choice of interchangeable tubes with 45° or 
90° anodes. The 90° anode allows inspection around 
360° of a plane, which may offer an advantage for sub- 
marine hull inspection. This unit offers another ad- 
vantage in that the kvp may be varied continuously 
from 27 to 250. 

Gamma-ray sources are widely used in shipyard 
radiography. Radium capsules up to 500 mg are in 
use along with cobalt-60 sources. Radium capsules 
are obtained on a rental basis or purchased outright. 
Cobalt-60 sources are usually purchased outright. 


WELDING RESEARCH SUPPLEMENT 


: 
er: 
q 
f 
& 
| 
{ 
4 


In addition to radiography magnetic-particle inspec- 
tion is used quite extensively. The excavation and re- 
pair of defects is guided materially by frequent check- 
ing with the magnetic-particle method. Magnetic- 
particle inspection is also frequently used where both 
sides of a welded joint are inaccessible to radiography. 
This is often the case in repair work. In heavy joints, 
it is common practice to inspect for flaws with the 
magnetic-particle method after each two or three weld 
beads are put in. 

The ultrasonic method has been laboratory tested 
but has not found any service application to hull weld 
inspection as yet. A special ultrasonic device is now 
under development for the Bureau of Ships. This de- 
Vice contains two cathode-ray viewers, one to show a 
plan view and the other to show a cross-sectional view of 
the weld. The scanning device is mounted on a car- 
riage designed to cling to a ship’s hull magnetically and 
move along a weld joint at the rate of approximately 6 
fpm. Two jets are used to supply a layer of water 
used as the couplant for transmitting energy to the 
metal and picking up the return signal. 


Standards 


The standards in use for nondestructive testing of 
welded joints in ship structures are: “X-ray Standards 
for Production and Repair Welds” (Navships No. 250- 
692-2), 1945, Navy Department, Bureau of Ships, 
Washington, D. C.; Section III of these standards 
represents the minimum requirement for structural hull 
welding. 

These radiographic standards, like all other radio- 
graphic standards, are not based on engineering data 
derived from physical tests or service performance. 
Radiographs of fairly high-quality welds showing a 
minimum of defects have been chosen for these stand- 
ards. Standards have not yet been developed for 
magnetic-particle and ultrasonic methods. 

A set of comparison radiographs for welds is being 
developed by ASTM Committee E-7. These standard 
comparison radiographs are not classified for any par- 
ticular product. It is intended that the consumer and 
producer agree on the basis of selection which then 
becomes the acceptance standard. 

The availability of a “Collection of Reference Radio- 
graphs of Welds” showing typical welding defects and 
different degrees of defect severity has been announced 
by the International Institute of Welding. The col- 
lection consists of 50 radiographs of are welds in steel 
plate with thicknesses of 10 to 30mm. The collection 
is built up into a card system designed for rapid sorting 
and may be had in normal transparent film copies or 
paper copies. The radiographs in this collection have 
been accepted by the members of Technical Commission 
V of the International Institute of Welding after a 
careful examination by specialists in the 19 countries 
represented in the Commission. 
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Inspection Practices 


The quantity of welding currently being inspected 
in the hull of naval vessels amounts to about 15% of 
the total footage of welded joint in a vessel. This in- 
spection is performed in the critical areas of the hull 
as specified by naval architects, and major defects are 
excavated and repaired. This includes every weld in- 
tersection in critical locations, a 17-in. long randomly 
selected area in critical butt welds between intersec- 
tions, and all top ends of vertical welds in the sheer 
strake. This practice gives rise to two schools of 
thought. 

One school feels that this type of inspection amounts 
to considerably more than a spot check since it is per- 
formed in the critical areas and major defects are re- 
moved. Common practices are to remove only the 
major defects as indicated by radiography or other in- 
spection results of the designated areas. Additional 
inspection in critical areas is performed when a defect 
appears to extend beyond the limits of the scope of the 
original inspection. There is a possibility that major 
defects still remain in the welded joints in the areas of 
the hull that are not inspected. However, the proba- 
bility of an objectionable defect’s remaining in these 
areas has been considerably reduced, and the possi- 
bility of a welding defect’s triggering a brittle fracture 
in the structure is therefore also reduced. 

The other school feels that improvement in hull weld- 
ing is brought about mostly because of the psychologi- 
cal aspect of nondestructive inspection in improving 
the welder’s performance. Some shipyard engineers 
feel that the introduction of nondestructive testing ef- 
fected a great decrease in the number of flaws that 
existed in hull welds prior to the time of any inspec- 
tion. One shipyard welding engineer has stated that 
such defects as slag inclusions, incomplete fusion and 
lack of penetration have disappeared almost entirely 
since the inauguration of an organized inspection pro- 
gram. However, it must be understood that the mere 
presence of a radiographer about a ship under construc- 
tion is not enough to cause the elimination of defects. 
As previously stated, the full psychological value of 
nondestructive testing can be realized only if the welder 
is given the opportunity to see the results of the inspec- 
tion of his work. Furthermore, he must be correctly 
informed as to the nature of any defect and what he can 
do to avoid its repetition. This aspect of nondestruc- 
tive testing is used quite effectively in training welders. 

In fairness to the welder it should be emphasized 
that not all objectionable flaws in welded joints are the 
direct responsibility of the welder. Poor welds may 
be due to other factors, such as weld-joint design, 
quality of the base and filler metals and finally the ade- 
quacy of shipfitting provided for the welder. None of 
these are under the welding operator’s control. 


CONCLUSIONS 


The full value of nondestructive testing in shipbuild- 
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ing is probably yet to be realized. An examination of 
the list of ships which suffered serious brittle failures in 
service indicates that these were built at a time when 
the welder’s performance could be inspected only by 
visual methods with perhaps a limited amount of 
magnetic-particle inspection. In contrast, the writers 
are not aware of a single instance of a vessel built with 
the aid of nondestructive testing, even to the limited 
extent described above, which suffered a catastrophic 
brittle casualty. 

In the shipyards where nondestructive testing is used 
quite extensively at present it seems to have become an 
essential part of the program of ship construction and 
repair. The question of how thorough an inspection 
should be made must yet be answered. The psycho- 
logical influence will never entirely eliminate flaws. 
On the other hand, it is doubtful that 100% inspection, 
i.e., inspection of every foot of welded joint in a ship, 
will ever be desirable or necessary. However, it is 
felt that some effort must be made to determine the 
types and magnitudes of flaws that will affect the serv- 
ice life of a vessel and that a nondestructive testing 
program must be designed to develop methods that will 
facilitate the detection of all objectionable flaws in the 
critical areas of a hull, from both the time and cost 
aspects. 

It is felt that nondestructive testing of welds in mer- 
chant vessels is every bit as important as it is in naval 
vessels. Also, it is believed that failures can be effec- 
tively reduced with the aid of a sound nondestructive 
testing program. However, before such a program can 
be established, it would seem that certain reeommenda- 
tions should be carried out. 

Probably as essential as improvements in methods 
and techniques is the expansion to the present research 
program aimed at gathering information to determine 
the effect of the type and extent of a given flaw on the 
structural properties or load-carrying abilities of welded 
joints. In addition to this, nondestructive test meth- 
ods other than film radiography should be evaluated 
as to their capabilities to detect a given size and type 
of flaw known to influence structural performance. 
The results of such a program should help to determine 
how extensive a nondestructive testing program is 
necessary for ship structures and what methods and 
techniques are most suitable for the task. 


RECOMMENDATIONS 


The authors feel that specific recommendations sug- 
gesting further research and development are in order. 
These recommendations are based upon indications 
that improvement in techniques and methods of non- 
destructive flaw detection are highly possible. 

1. Improvement in existing radiographic methods: 
(a) Encourage X-ray equipment manufacturers to 
develop lighter units that are highly portable and 
possess the rugged features required of equipment used 
in field inspection of ship structures. By reducing setup 
and maintenance time, such equipment would allow a 
higher rate of inspection per unit. (b) Establish a 
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program to explore the potentialities of iridium-192 
and other promising radioactive isotopes. An adequate 
source of supply of those isotopes found applicable 
must be established. Data must be secured to compare 
their quality with established radiation sources for the 
inspection of welds in various thicknesses of steel plate. 
(c) Develop standards based on research and service 
data. These standards should clearly show the maxi- 
mum size of each type of defect that may be allowed to 
remain in a weld without the probability of triggering 
a brittle fracture. 

2. Improvement of filmless techniques: (a) Pro- 
mote the development of fluoroscopy to yield better 
sensitivity for thinner sections. Study the applica- 
bility of the method to the inspection of welds in ship 
structures. (b) Review developments in other film- 
less techniques, such as the “Picker-Polaroid-Land” 
process and the Westinghouse ‘“Fluorex’”’ process from 
time to time to determine if further research has made 
any of these methods applicable to weld inspection in 
ship structures. (¢) Investigate the applicability of 
xeroradiography for weld inspection in steel. Xero- 
radiography must be improved to consistently give the 
maximum sensitivity required for ship structure in- 
spection. Further, the optimum radiation source must 
be established for this process. 

3. Investigation of magnetic-particle method: the 
magnetic-particle method should be thoroughly evalu- 
ated to determine its ability to consistently detect sub- 
surface defects in welds of a given size, type and loca- 
tion. Standards must be developed for this method. 

4. Improvement of the ultrasonic method: Im- 
provements and modifications must be made on equip- 
ment for the ultrasonic method before it can be adapted 
to weld inspection on ship structures. Further, the 
method must be fully evaluated to determine its relia- 
bility to detect given flaws in welds. 
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Jackson 
Ground Clamp 


No. 2/0 


Good Grounds 


for Welding Profi ts For greater metal-to-metal contact in a 


ground clamp, which would you choose? 
See below the large contact surface on 
the upper jaw of the Jackson. 


Now a convenient hand tool as well as a superior 
electrical fitting, the improved Jackson Ground 7 
Clamp, more than ever, goes easy on . . . easy off. 
With the upper tong fitting the palm, and the lower + Utt T 
tong fitting the fingers, the clamp opens easier and 
wider to grip the work. Also, the current carrying 

upper tong naturally will be placed up, where it is —,) 
easier to make sure of firm and clean metal-to- Pal 
metal contact. 


¥ 


NOT THIS BUT THIS 


The angle of the cable socket reduces strain on the 
cable strands. After the regular cable connection is 
made, it is now made possible to wire the cable 
insulation to the tong right in back of the socket... 


an economical means of further protecting the There’s less chance of damage to cable strands and 
cable from damage. insulation in the improved Jackson Ground Clamp 


when properly connected and placed right side up. 
As before, the large, flat contact area of the copper 
alloy upper tong provides surest conductivity be- 
4 tween clamp and work, while the lower tong and 
the insulated music wire coil spring take care of 
sure-grip pinch. 


Don’t let current leaks eat up your welding profits. 
Jackson Ground Clamps, Cable Connectors, Splicers 
and Lugs provide ample and secure metal-to-metal 
contacts to ease the flow of current, stop power losses. 


Sold Everywhere through Distributors and Dealers 


Ground Clamps, Cable Connectors, Splicers and Lugs 
are made in three sizes: 


No. 1, for cables 4 thru 1/0, 300 amps, 
No. 2/0, for cables 1/0 and 2/0, 500 amps 
both for mechanical, brazed or soldered cable connection. 


No. 4/0 for cables 3/0 and 4/0, 500 amps 8 wee CCT OS 
soldered or brazed cable connection only. WARREN-MICHIGAN 
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HOWS THIS FOR 
OVERHEAD WELD 


. «- You can make mild steel 
welds like this in any position 


with the improved GiRCO) 78 = electrode 


Above is an unretouched photograph of a butt 
weld made in the overhead position with the 
improved AIRCO 78E electrode, AWS Class 
E-6010. The joined sections are 3/8” SAE 1020 
steel plate, welded with 5/32” electrodes at 
130 amperes, DC reversed polarity. 


A smooth-looking weld, yes, but appearance is 
only part of the story with the AIRCO 78E 
electrode. 

Field testing in all welding categories covered 
by AWS Class E-6010 specifications has shown 
that the improved 78E consistently outperforms 


Air RepucTION 


60 East 42nd Street * New York 17, N. Y. 


other electrodes of its type in weld quality, speed 
and ease of handling. 

The 78E’s improved flux coat gives you higher 
current capacity and faster burn-off rate . . . with- 
out “fingernailing” or slag and gas inclusions in 
the weld metal. Result: in all positions, weld 
quality is every bit as good as its smooth outward 
appearance would lead you to hope. 

If you haven’t yet had a chance to give the new 
AIRCO 78E a trial, get in touch with your Airco 
office or dealer today. Here’s another suggestion: 
— ask for a copy of Catalog 10, “Pocket Guide to 
Airco Electrodes.” 


Divisions of Air Reduction Company, Incorporated 
with offices and dealers in most principal cities 


Air Reduction Sales Company 

Air Reduction Magnolia Company 

Air Reduction Pacific Company 

Internationally by Airco Company International 

at the frontiers of progress you'll find 
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